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I. REAL PARTY IN INTEREST 

Daramic, Inc., is the real party in interest as 
the assignee of record in the instant application. 



II. RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences. 

III. STATUS OF THE CLAIMS 

Claims 1-14 were filed in this case. Claims 10-14 
drawn to a thermoplastic polymer were restricted out of 
this case by the Examiner. In the Amendment of March 
17, 2005, claim 8 was cancelled. Claims 1-7 and 9 
stand finally rejected under 35 U.S.C. 102(b) as being 
anticipated from Navarrette. Applicant amended claims 
4 and 9 in an amendment after final filed on July 25, 
2005. The Examiner withdrew the 35 U.S.C. 112, second 
paragraph to claims 21-26, in the advisory action of 
August 4, 2005. The Examiner has indicated that the 
amendment after final would be entered for appeal 
purposes. Claims 1-7 and 9, finally rejected under 3 5 
U.S.C. 102(b) are the subject of this Appeal. 
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IV. STATUS OF AMENDMENTS 

Claims 4 and 9 were amended after the Final 
Rejection based on a rejection to claims 4 & 9 under 35 
U.S.C. 112, second paragraph. In the Examiner 1 s 
Advisory Action before the Filing of an Appeal, of 
August 4, 2005, the Examiner indicated that the 
amendment to claims 4 and 9 was entered for appeal 
purposes and that the rejection to claims 4 and 9 under 
3 5 U.S.C. 112, second paragraph has been removed. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

The following is a concise explanation of the 
subject matter defined in independent Claims 1 and 6. 

According to Claim 1, the instant invention 
is a battery separator (specification page 4, line 20) 
which comprises: a microporous membrane including, an 
ultra high molecular weight polyethylene (specification 
page 4, line 21), a filler (specification page 4, line 
21), and a grass lignin (specification page 4, line 5) . 

According to Claim 6, the instant invention is a 
battery separator (specification page 4, line 20) which 
is comprised of a microporous membrane (specification 



_ 4 . 



page 4, line 21) having an open cell structure 
(specification page 4, line 26) with pores sizes in the 
range of about 0.1 to about 1 micron (specification 
page 4, line 23) and porosity greater than 10% 
(specification page 4, line 23-24). The microporous 
membrane is comprised of about 15-25% by weight of an 
ultra high molecular weight polyethylene (specification 
page 5, line 2) ; about 50-80% by weight of a filler 
(specification page 5, line 2) ; and about 5-20% by 
weight of a grass lignin (specification page 5, line 
3) . 

GROUND ' S OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 1-7 and 9, stand finally rejected under 35 
U.S.C. §102 (b) as being anticipated from Navarrete are 
the subject of this Appeal. 

VI. ARGUMENT 

Claims 1-9 and 16-26, for the reasons explained 
hereinafter, are not anticipated from Navarrete under 
35 U.S.C. §102 (b) , so the rejections must be removed. 
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§102 (b) Rejections 

Claims 1-7 and 9 stand rejected under 3 5 USC § 
102(b) as being anticipated Navarrete et al . Applicant 
traverses . 

The Examiner avers that Navarrete et al . , WO 
02/28955 A2 anticipates all the claims in the instant 
application under 35 USC § 102(b). It is the 
Examiner's opinion that the term grass lignin is a 
product by process claim which is incapable of 
distinguishing the Instant Application from Navarrete 
et al . which teaches the use of hardwood and softwood 
lignins. This is not true. 

A compound or composition of matter is anticipated 
if the disclosure in a single reference places that 
compound or composition in possession of the public. 
See In re Brown, 329 F.2d 1006, 1011, 141 U.S.P.Q. 245, 
249 (C.C.P.A. 1964) . The reference must "clearly and 
unequivocally disclose the claimed compound or direct 
those skilled in the art to the compound without any 
need for picking, choosing, and combining various 
disclosures .... " In re Arkley, 455 F.2d 586, 587, 
172 U.S.P.Q. 524, 526 (C.C.P.A. 1972). The reference 
must therefore provide a certain degree of precision 
with respect to the specific compound claimed. 
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As with In re Brown, the reference Navarrette 
clearly and unequivocally discloses a "compound or 
direct those skilled in the art to the compound without 
any need for picking, choosing, and combining various 
disclosures .... "On page 6, lines 12-13, of the WO 
reference, it is taught that "Lignins refers to those 
by-products of wood pulping operations". What the 
Examiner fails to mention is that the compound 
disclosed in Navarrette "wood lignins" are not the 
"grass lignins" of the Instant Invention. As in In re 
Arkley, The reference provides a certain degree of 
precision with respect to the specific compound claimed. 
Page 8, lines 16-17, of the WO reference teaches that 
"Lignins refers to those by-products of wood pulping 
operations" . There is no mention or suggestion to use 
any other type of lignins. 

For example, in Ex parte Westphal , 223 U.S.P.Q. 
630 (Bd. Pat. App. 1983), the claim was directed to a 
composition containing 3 -methylthio-4 -amino-6-tert- 
butyl-1 , 2 , 4-triazine-5-one . The examiner rejected the 
claim under section 102 as anticipated by, inter alia, a 
patent to Fawzi. This patent disclosed a compound 
substituted at a particular position with alkyl having 
1 to 8 carbon atoms, but did not specifically name the 
claimed tert -butyl radical. Thus, the board found that 
the Fawzi patent did not provide the precision necessary 
for anticipation under section 102. Id. at 631. 
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Similarly, in Arkley, the court found that the 
single claimed compound was not described in the prior 
art within the meaning of section 102. The prior art 
generically disclosed a class of compounds encompassing 
the claimed compound, as well as over 230,000 other 
compounds. The board contended, however, that the 
prior art contained two examples that disclosed the 
exact precursors of the claimed compound. The court 
found that these examples disclosed exact precursors 
only to the extent that one selects the correct acid to 
react with a particular tertiary amine, which also must 
be selected. See Arkley, 455 F.2d at 588, 172 U.S.P.Q. 
at 526. The court further found that there was nothing 
in the reference that "'clearly and unequivocally 1 
directs those skilled in the art to make this selection 
. . . ." Id. Thus, the court reversed the rejection 
under section 102. 

In the detailed description, Navarrete only 
discusses wood lignins as follows: 

Lignin refers to those by-products of wood pulping 
operations having extremely complex chemical 
structures that consist primarily of phenyl propane 
linked together in three dimensions. Lignins 
include softwood lignins, hardwood lignins, and 
mixtures thereof. Hardwood lignins are preferred. 
Such lignins are commercially available from 
Westvaco Corp., Charleston, S.C. under the product 
name of PC-1369. (WO page 6, lines 12-20) . 

This same reference in the background of the invention 
discusses the differences between grass, softwood and 
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hardwood lignins on page 1, lines 15-26 and page 2, 



lines 1-2 as follows: 



Lignin is a by-product of wood pulping operations. 
Lignin's chemical structure is extremely complex. 
Lignin is generally accepted to be a three 
dimensional, crosslinked polymer comprised of three 
different phenyl propenol moieties. The relative 
amounts off the three monomeric compounds, 
coumaryl alcohol, coniferyl alcohol, and sinapyl 
alcohol, vary with the sources of the lignin. 
Grass lignins, such as obtained from rice, corn, or 
sugar cane, are comprised predominantly of coumaryl 
and coniferyl alcohols. Softwood lignins, such as 
obtained from spruce, pine, redwood, cedar, and the 
like, are made up of predominantly coniferyl 
alcohol alone. Hardwood lignins are comprised of 
mostly coniferyl and sinapyl alcohols. Hardwood 
lignins are obtained, or substantially obtained, 
from oak, cherry, maple, birch, sweet gum, 
mahogany, and the like. 



Therefore from the cited reference one of ordinary 



skill would reason that Grass lignins, are comprised 



predominantly of coumaryl and coniferyl alcohols. 



Softwood lignins, are made up of predominantly coniferyl 



alcohol alone and that hardwood lignins are comprised of 



mostly coniferyl and sinapyl alcohols. As the wood 



lignins fail to contain any significant amount of 



coumaryl alcohols no one of ordinary skill in the art 



would believe that these lignins from a chemical 



composition standpoint, would be interchangeable with 



the wood lignins. 



The Examiner takes the position that the claim 
element "grass lignin" makes the claim a product -by- 
process claim, and thereafter, effectively, strikes the 
word "grass" from the claim to make the rejection. The 
Examiner gives no authority to back up this rejection. 
Applicant assumes, in that no authority is cited in the 
final rejection of June 6, 2005 by the Examiner, that 
the Examiner is relying upon In re Thorpe 227 USPQ 964, 
966 (Fed Cir 1985) for this position which can be found 
in the MPEP 2113. 

Applicant contends that the Examiner ! s position is 
incorrect and that instead the referenced claim element 
is a structural element. 

First, Thorpe is misplaced. Thorpe f s product -by- 
process claim was: 

"44. The product of the process of Claim 1." 
and Thorpe 1 s Claim 1 was a process claim. The Instant 
Claim 1 is cast in the product claim format. Claim 1 
is : 

"A battery separator comprising: a microporous membrane 
including, an ultra high molecular weight polyethylene, a 
filler, and a grass lignin." 
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The instant claim is not a "product -by-process " 
claim in the Thorpe sense. Instead, terms used in the 
claim are used as a noun. The term grass is not a 
process term. It is the Examiner's opinion that the 
source used to produce the lignin is considered a 
product -by-process limitation however no authority is 
given to support this conclusion. If one looks at the 
reference cited by the Examiner, it clearly defines 
some of the chemical differences between grass lignins 
and wood lignins on page 1, lines 15-26. If the 
referenced cited by the Examiner clearly explains how 
the lignins are different chemically it should be clear 
that the term grass (a noun and not a process term) is 
not a product by process limitation and is clearly 
differentiated from the prior art. Accordingly, Thorpe 
is misplaced in the instant situation. 

Second, the clauses of the claim, "grass lignin, 11 
are structural terms. In re Steppan 156 USPQ 143, 148 
(CCPA 1967), and In re Garnero 162 USPQ 221, 223 (CCPA 
1969) . In Steppan , the court viewed the "product -by- 
process" language, i.e. "condensation product," as a 
further qualifier of the invention. In the instant 
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claim, the questioned language further defines the 
lignin as a particular type of lignin, e.g. "grass" 
lignin as opposed to a "wood lignin" . Both grass and 
wood lignins are recognized, in the art, as descriptors 
of different classes or types of lignins. See WO 
02/28955 A2 (copy attached pages 21-35) . 

In Garnero , the court compared the "product -by- 
process" language, i.e. "interbonded, " to a list of 
words that had previously been construed as structural 
terms. Appellant maintains that the questioned clause 
"grass" is modifiers of a noun "lignin" that 
structurally define that noun, just as the words 
reviewed in Garnero . Thus, the questioned clauses are 
structural elements of the claim and cannot be 
disregarded when considering patentability of the 
claims. Here the manufacturing process used to derive 
lignins from grass, as opposed to wood, impart 
distinctive structural characteristics to the final 
product. See the specification on page 4, lines 7-13: 

The grass lignin acts as an antimony 
suppressor, which reduces antimony poisoning 
within the battery. When grass lignins are 
used, there is a less noticeable 
discoloration of the separator as in 
comparison to when wood lignins are used in 
battery separators. Furthermore, when grass 
lignins are used, the odor is dramatically 
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reduced as in comparison to when wood lignins 
are used in battery separators. 

Even if the Examiner is correct in her assertion that 
"the source used to produce the lignin is considered a 
product -by-process limitation" there are abundant references 
in the literature, starting with the reference which is 
cited against patentability which state that the lignin 
produced from a grass source is structurally different from 
lignins from a wood source. The board is reminded here that 
the Examiner gives no authority to back up her accusation 
that there is no difference between grass and wood lignins. 
In the Evidence appendix attached are five different 
articles 12345 which teach that a lignin from a grass source is 
structurally different from a lignin derived from a wood 
source. As these articles are a fair representation of the 
knowledge of a person of ordinary skill in the art, they 
show that the rejection to the independent claims are 
improper and must be withdrawn. 



1 Atmospheric Acetic Acid Pulping of Rice Straw IV 

2 Analytical protocols for characterization of sulphur- free lignin 

3 Chemical Modification, Properties, and Usage of Lignin 

4 Plant Polyphenols of Importance for Humus Formation 

5 Recent Industrial Applications of Lignin: A Sustainable Alternative to 
Nonrenewable Materials 
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CONCLUSION 

As stated above, the only question before the board is, i 
the feature of grass lignin of the instant invention 
differentiates the Instant Invention from the wood lignins 
clearly taught by Navarrete. It is the Examiner's position 
that grass lignin is a process limitation but the Examiner doe 
not explain on what authority she uses to classify a non- 
process term such as grass as a process term. The reference, 
Navarrette, clearly sets forth some of the chemical difference 
between grass and wood lignins, if the reference used by the 
Examiner says that the chemical composition is different, how 
can she maintain that they are the same? In summary, the 3 5 
USC § 102 (b) reference the Examiner is citing against the 
Instant Application, Navarrette, teaches the use of "wood 
lignins" and set forth how "wood lignins" are chemically 
different from the Instant Applications "grass lignins" 
therefore it should be obvious from Navarrete alone that the 
Instant Invention is not anticipated. 
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In view of the foregoing, Applicants respectfully request 
an early Notice of Allowance in this application. 




Attorney for Applicants 

Customer No. 294 94 

Robert H. Hammer III, P.C. 

3121 Springbank Lane 
Suite I 

Charlotte, NC 2 822 6 
Telephone : 704-927-0400 
Facsimile : 704-927-0485 



Attachments: Claim appendix (3 pages) 16-18 

Evidence appendix (69 pages) 19-87 
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VII CLAIM APPENDIX 



1. (previously presented) A battery separator 
comprising: 

a microporous membrane including 

an ultra high molecular weight polyethylene, 

a filler, and 

a grass lignin. 

2. (original) The separator of claim 1 wherein said 
grass lignin comprises about 5-20% by weight of said membrane. 

3. (original) The separator of claim 2 wherein said 
grass lignin comprises about 5-10% by weight of said membrane. 

4 . (previously presented) The separator of claim 1 
wherein said grass lignin source being selected from the group 
consisting of: bagasse, straw, abaca, sisal, flax, jute, hemp, 
and combinations thereof. 

5. (original) A lead acid battery including the 
separator of claim 1 . 
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6. (previously presented) A battery separator comprises: 
a microporous membrane having an open cell structure 

with pores sizes in the range of about 0.1 to about 1 micron 
and porosity greater than 10%, and where said microporous 
membrane comprises: 

about 15-25% by weight of an ultra high molecular 
weight polyethylene; 

about 50-80% by weight of a filler; 

about 5-2 0% by weight of a grass lignin. 

7. (original) The separator of claim 6 wherein said 
filler being selected from the group consisting of precipitated 
silica, oxide compounds, and mixtures thereof. 

8. (cancelled) The separator of claim 6 wherein said oil 
being oclcctcd from the group consisting of mineral oil, 
olefinic oil, — parafinic oil, — napthenic oil, — aromatic oil, — a**d 
mixtures thereof . 

9. (previously presented) The separator of claim 6 
wherein said grass lignin source being selected from the group 
consisting of: bagasse, straw, abaca, sisal, flax, jute, hemp, 
and combinations thereof. 
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10. (withdrawn) A thermoplastic polymer formulation 
comprising : 

up to about 80% by weight of the formulation being 
thermoplastic polymer ; 

up to about 2 0% by weight of the formulation being a 
processing oil, and 

up to about 10% by weight of the formulation being a 
grass lignin. 

11. (withdrawn) The formulation of claim 10 wherein said 
polymer being a polyolefin. 

12. (withdrawn) The formulation of claim 10 wherein said 
polymer being an ultrahigh molecular weight polyethylene. 

13. (withdrawn) The formulation of claim 10 wherein said 
polymer includes a filler. 

14. (withdrawn) The separator of claim 10 wherein said 
grass lignin being sourced from bagasse, straw, abaca, sisal, 
flax, jute, hemp, and combinations thereof. 
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WO 02/28955 PCT/US01/297W 



THE USB OF LIGNINS IN THERMOPLASTICS 

Related A p plication 
This application is a continuation-in-part of co-pending 
U.S. application Serial No. 09/677", 435 filed October 3, 2000. 

Fi eld of the Invention 
This invention is directed to the unc of lignins in 
thermoplastics (such as: ultra-high molecular weight polyethylene* 
(UHMWPE) ) . 

Background of the In vention 
Lignin is a by-product of wood pulping operations. Lignin* s 
chemical structure is extremely complex. Lignin is generally 
accepted to be a three dimensional, cros si inked polymer comprised 
of three different phenyl propenoi moieties. v The relative 
amounts of the three monomer ic compounds, coumaryl alcohol, 
coniferyl alcohol, and sinapyi alcohol/ vary with the sources of 
the lignin. Grass lignins, such as obtained from rice, corn, or 
sugar cane, are comprised predominantly of coumaryl and coniferyl 
alcohols. Softwood lignins, such as obtained from spruce, pine, 
redwood, cedar, and the like, are made- up of predominantly 
coniferyl alcohol alone. Hardwood lignins are comprised of 
mostly coniferyl and sinapyi alcohols. - Hardwood lignins are 

- r - 
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WO02/2895S PCJYUSOi/29794 
obtained, or .substantially obtained, from oak, cherry, maple, 

birch, sweet gum, mahogany, and the like. 

A thermoplastic refers to a polymer that softens or melts 
when, exposed to heat and returns to its original condition when 
cooled. Ultra-high molecular weight polyethylene (UHMWPE) refers 
to a polymer with molecular weight greater than 1 million and 
preferably in the range of about 5 million to about 7 million. 
UHMWPE has many unique properties, but it is extremely difficult 
to process, i.e., form into usable shapes. Conventional 
extrusion and molding techniques can not be used. When extrusion 
techniques are used, the energy added to the polymer by the 
extruder may cause chain scissions (e.g., thermal degradation} 
which, in turn, detrimentally effects the polymer. Rubin, 1*1., 
Editor, Handbook of Plastic Materials and Technology, John Wiley 
& Sons, Inc., NYC, NY, (1990), p. 349-354, Stein, H.L., "Ultra 
High Molecular Weight Polyethylene (UHMRPE)", Engineered 
Materials Handbook, Vol. 2 Engineering Plastics, ASM 
International, Me to Is Park, OH, 1988, and U.S. Patent No. 
4,778,601, each is incorporated herein by reference. One method 
of extruding UHMWPE is to mix the UHMWPE resin with a .mineral oil 
(or plasticizer) , for example 80-98% by weight UHMWPE and 2-20% 
by weight mineral oil. The uniformly dispersed oil allows the 
UHMWPE to flow more easily through the extruder. See 0\S. Patent 
No. 4,778,601. 

- Z - 
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WO 02/28505 PCMJS01/29794 

In the first aspect of the invention, lignins are added to 

an ultra-high molecular weight polyethylene battery separator for 

a lead acid battery fox, in part, reducing antimony poisoning. 

Poisoning of lead acid storage batteries is known. One 
poison is antimony (Sb) which is an alloying component of the 
lend used in the batteries. Antimony poisoning causes a 
reduction in hydrogen overvoltage. Several solutions to the 
antimony poisoning problem have been suggested. For example, 
see: U.S. Patent 5,221,587 - an uncrosslinked natural or 
synthetic rubber is a layer on or incorporated into microporous 
oc glass fiber separators (also see column 2, line 51 - column 3, 
line 14 for a discussion of additional solutions); U.S. Patent 
5, 759,716 - organic polymers having an affinity for the metal 
impurity (e.g., Sb) are incorporated into, for example, the 
separator; European Published Application No. EP 0 910 130 Al - 
thiolignins are incorporated into fibrous separators; and 
• Japanese Published Application (Kokai) No. X 1-191 <1 05 - lign.ins 
are impregnated or coated on a glass mat separator. 

In the second aspect of the invention, li gains are added to 
thermoplastic polymer formulations to act as a processing flow 
aid. 
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Summary of the Invention 

The instant invention is directed to the use of lignins 

in thermoplastics (such as: ultra-high molecular weight 

polyethylene (UHMWPE) ) . In the first aspect of the invention, 

lignins are added to a lead acid battery separator comprising a 

microporous membrane including an ultra-high molecular weight 

r 

polyethylene, a filler , and a processing oil. In the second 
aspect of the invention, lignins are used as a procensing aid in 
thermoplastics . 

Detailed Description of the Invention 
In the first aspect of this invention, a iignin is added to 
a microporous battery separator for a lead acid battery made fron 
ultra-high molecular weight polyethylene. The lignin acta as an 
antimony suppressor which reduces antimony poisoning within the 
battery. Battery separators made with ultra-high molecular 
weight polyethylene are known. See for example U.S. Patent 
3,351,495; and Besenhard, J.O., Editor, Handbook of Battery 
Materials, Wiley-VCH, NYC, NY (1999) p. 25U-263, both are 
incorporated herein by reference. 

The lead acid battery separator generally comprises' a 
microporous membrane made from UHMWPE, fillers, processing oil 
and lignin. The microporous membrane has an average pore size in 
the range of about 0.1 to about 1.0 micron, a porosity greater 
than 10% (preferably between about 55% and about 85%; and most 

- £ - 
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preferably between about 55% and about 10%) , and the pore 

structure is referred to as an open cell structure or 

interconnected pore structure. The membrane generally comprises 

about 15-25% by weight UHMWPE, 50-80% by weight filler, 0-25% by 

weight process oil, -and 5-20% lignin. Additionally, minor 

amounts of processing aids may be addecl. Preferably, the 

membrane comprises 17-23% by weight UHMWPE, 50-60% filler, .10-20% 

processing oil, and 5-10% lignin. These materials are mixed and 

extruded in a known fashion. See, for example: U.S. Patent No. 

3,351,495; and Besenhard, J.O., Bdi.tor, Handbook of Battery 

Materials, Wiley-VCH, NYC, NY (1999) p. 258-263, both are 

.incorporated herein by reference. 

UHMWPE refers to polyethylenes with a molecular weight 
greater than 1 million, preferably greater than 3 million* 
UIMWPE are commercially available from Ticona LLC, Bayport, TX, 
and Montell, Inc., Wilmington, DB. 

Filler refers to high surface area particles with an 
affinity for the processing oil. Preferred fillers include 
precipitated silica, oxide compounds, and mixtures thereof. Such 
silicas are commercially available from PPG, Pittsburgh, ' PA and 
Degussa-Huls AG, Frankfurt, Germany. Also see U.S. Patent Nos. 
3,351,495 and 4,861,644, incorporated herein by reference, for 
additional filler suggestions. 

- 5 - 
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Processing oil (or plasticizer) refers to, for example, 
mineral oil, olefinic oil, parafinic oil, naphthenic oil, 
aromatic oil, and mixtures thereof. Processing oil performs two 
functions; first, it- improves the processability of UHMWPE, and 
second, it is the extract able component, which is used to create 
the micropores structure of separator! Mineral oil is preferred 
and is commercially available from Equilon of Houston, TX. Also 
see U.S. Patent Nos. 3,351,495 and 4,861,644, incorporated herein 
by reference, for additional processing oil {or plasticizer) 
suggestions. 

Lignin refers to those by-products of wood pulping 
operations having extremely complex chemical structures that 
consist primarily of phenyl propane linked together in three 
dimensions. Lignins include softwood lignins, hardwood lignins, 
and mixtures thereof. Oak or maple flour may also be used, but 
because the lignins have not been separated from the cellulose 
fibers, they are more difficult to prone wrs. Hardwood lignins are 
preferred. Such lignins ore commercially available from Westvaco 
Corp., Charleston, Sounder the product name of PC-1369. 

Further explanation of this aspect of the invent ion ~ will be 
set out in the examples below. 
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In the second aspect of the instant invention, a lignin may 

be added to a thermoplastic polymer as a processing aid {e.g., 

flow lubricant) . 

• In general, it has been found that when up to 10% by weight 
of the lignin is added to the thermoplastic polymer or the 
thermoplastic polymer formulation that beneficial results are 
obtained. Those results include decreased process temperature 
and polymer viscosity, and increased strength of end product. 
While not wishing to be bound by the following, it is believed 
that the lignin is able to reduce thermal degradation (chain 
scission) of the polymer during processing. 

i 

A thermoplastic polymer formulation preferably refers to a 

* 

mixture of thermoplastic polymer, processing oil (or 
plasticizer) , and lignin. In general, the .formulation may be 60- 
80% thermoplastic polymer, up to 20% processing oil, and up to 
10% lignin. Preferably, the formulation may be about 70-80% 
thermoplastic polymer, 15-20% processing oil, and 5-103 lignin. 

A thermoplastic polymer refers to a polymer that softens or 
melts when exposed to heat and returns to its original condition 
when cooled. Natural substances that exhibit this behavior are 
crude rubber and a number of waxes; however, the term is usually 
applied to synthetics such as polyvinyl chloride, nylonn, 
fluoropoiymers, polyethylene (including ultrahigh molecular 

- 7 - 
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weight polyethylene), polystyrene, polypropylene, acrylic resins, 
other macromolecules, and combinations thereof* Preferably, the 
thermoplastic polymer is a polyolefin. Most preferably, the 
thermoplastic polymer is ultrahigh molecular weight polyethylene 
(UHKWPE) . The thermoplastic polymer may also be a mixture of the 
polymer and a -filler. The filler is as discussed above. The 
ratio of filler to product is about 1-2:1 to about 5:1, 
preferably about. 2.8:1. 

Processing oil <or plasticizcr) refers to, for example, 
mineral oil, ojefinic oil, parafinic oil, naphthenic oil, 
aromatic oil, and mixtures thereof. Also see U.S. Patent Nos. 
3,351,495 and 4,861,644, incorporated herein by reference, for 
additional processing oil (or plasticizcr) suggestions. 

Lignin refers to those by-products of wood pulpinc 
operations having extremely complex chemical structures that 
consist primarily of phenyl propane linked together in "ihree 
dimensions. Lignins include softwood lignins, hardwood lignins, 
and mixtures thereof. Hardwood lignins are preferred. Such 
lignins are commercially available from Westvaco Corp., 
Charleston, SC under the product name of PC-1369. 

» 

Further explanation of this aspect of the invention will* be 
set out in the examples below. 

~ 8 - 
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Sxamplea 

The formulations set out in Table 1 were prepared. 



TABLE 1 
[% By Weight) 



Sample 


Polyater 


S?illex 
(Silica) 


Oil 
{Mineral Oil) 


Ki-nor 
Ingxcdicntc 


Ligzxin 


1 


22.1 


57. 9 


17,2 





0 


2 


22.0 


57-1 


17.1 


'2.8 


1 (Hardwood! 


3 


20.9 


54.3 


17.0 


2.8 


5 (Hardwood) 


1 4 


20-3 


52.9 


17.0 


2.8 


7 Olardwood) 


S 


20.2 


52. 5 


17.0 


2.0 


7.5 {Hardwood} 


6 


19.5 


50. G 


17.0 


2.9 


10.0 tHardxood) 


7 


20.2 


52.5 


17,0 


2.8 


7.5 (Softvood) 


9 


19.5 


SO. 6 


17.0 


2.9 


10.0 (Softwood) 


9 


16.9 


43.3 


17.0 


2.8 


20.0 (Softwood) 


10 


20.9 


54.3 


17. a 


2.8 


5.0 (Uakvood flour) 


11 


19.5 


50. 6 


17.0 


2.9 


10.0 (Oafcwood flour) 


12 


29. D 


54.3 


17.0 


2.B 


5.0 {Kaplewood floutl 


13 


2D. 2 


52.5 


17.0 


2,8 


7.5 {Maplewood flour) 


14 


19.5 


SO.6 


17.0 


2.9 


10.0 (Maplewood flour) 


15 


ie>-9 


43.3 


17.0 


2.B 


20.0 (MnpXevood flour) 



The formulations of Table 1 set out in Table 2 were tested 
for Sb suppression. Results below were obtained via a cyclic 
vnltaramctry technique. Cyclic voltammetry techniques are known. 
Dietz, H., et al, "Influence of substituted ben2aldehydes and 
their derivatives as inhibitors for hydrogen evolution in 
lead/acid batteries," 53 Journal of Power Sources 359-365 (1995), 
incorporated herein by reference. 



WO 02/28955 



TABLE 2 



PCIY0SIH/2V794 







Current (mA) at 




Sb Peak Height 


start of sweep @ 


Sample 


(mA) 


-1.100 V 


Control (15ppm Sb) 




1.9 


3 


0.1 


0.0 


5 


0.0 


0.1 


6 


0.1 


o.o 


7 


.0.1 


0.1 


8 


0.1 


0.1 


9 


0.1 


0.1 


10 


0.3 


0.1 


11 


0.1 


0.0 


12 


0.0 


0.1 


13 


0.0 


0.1 


14 


0.0 


0.1 


IS 


0.0 


0.1 



The formulations of Table 1 set out in Table 3 were tested 
for viscosity reduction. Formulations were tested using Kayeness 
Rheometer Galaxy III Model 9052, available from Kayeness, Inc. of 
Morgaritown, ?A. 



TABLE 3 



Sample* 


1 


r 2 


3 


4 












Sheaxr rate 




Shear Viscosity 








(Pa-sec) 




1368 


1.945*02 


1.7GE+02 


1.58B+02 


1. 54 5+02 


fit 7 


4. 325+02 


3.93E+02 


3.52E+02 


3.41B+02 


164 


1.01 £+03 


8.97E*02 


8.68E-H)2 


8.44B+02 


55 . 


2.01B+O3 


1.9BE+ 03 


1.92E+03 


■ 1.80K+02 


16 


4 . 83E+03 


4 . 51E+03 


4.77E+03 


4.59E+03 


6 


1.23B+04 


1.1QE+04 


1 .19E+04 


I.14E+03 


2 


2.27E+04 


2.21E+04 


1 . 93E+D4 


2.3OB+04 


1 


9.8BE+04 ■ 


H.57E+04 


B.32E+04 


9.40E+04 
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The present invention may be embodied in other specific 

forms without deporting from the spirit or essential attributes 

thereof end, accordingly/ reference should be siade to the 

appended claims, rather than the foregoing specification, 

indicating the scope of the invention. 
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1. A battery separator for lead acid batteries comprising: 
a microporous membrane including 

an ultra high molecular weight polyethylene, 
"a filler, 

a processing oil, and 
a lignin. 

2. The separator of claim 1 wherein said lignins being 
selected from the group consisting of softwood lignins, hardwood 
lignins, and mixtures thereof. 

3. The separator of claim 1 wherein lignin comprises about 
5-20% by weight of said membrane. 

4. The separator of claim 1 wherein said lignin comprises 
hardwood lignin. 

5. The separator ox claim 1 wherein said lignin comprises 
about 5-10% by weight of said membrane. 

6. A lead acid battery including the separator, of claim 1- 
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7. A battery separator for a lead acid battery comprises: 
a microporous membrane having an open cell structure 
with pores sizes in the range of about 0.1 to about 1 micron and 
porosity greater than 10%, and further comprising 

about 15-25% by weight of said separator being an ultra 
high molecular weight polyethylene; 

about 50-80% by weight of said separator being a 

filler; 

Jess than about 25% by weight of the separator being a 
processing oil; 

about 5-20% by weight of the separator being a lignin. 

8. The separator of claim 7 wherein said filler being 
selected from the group consisting of precipitated silica, oxide 
compounds, and mixtures thereof. 

9. The separator of claim 7 wherein said oil being 
selected from the group consisting of mineral oil, olefinic oil, 
parafinic oil, napthenic oil, aromatic oil, and mixtures thereof. 

10. A thermoplastic polymer formulation comprising: 

up to about 803 by weight of the formulation being 
thermoplastic polymer; : 

up to about 20% by weight of the formulation being "a 
processing oil, and 

- 13 - 
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up to about 10$ by weight of the formulation being a 

lignin. 

11. The formulation of claim 10 wherein said lignin being a 
hardwood lignin. 

12. The formulation of claim 10 wherein said polymer being 
a polyolefin. 

13. The formulation of claim 10 wherein said polymer being 
an ultrahigh molecular weight polyethylene. 

14. The formulation of claim 10 wherein said polymer 
includes a filler. 

lli. A method for improving the processing of thermoplastic 
polymer comprising the step of: 

adding a lignin to a thermoplastic polymer prior to the 
processing . 

16. The method according to claim 15 wherein up to 10% by 
weight of said lignin being added. 

17. The method according to claim 15 wherein the lignin 
being added to a blend of polymer and processing oil. 

- 14' - 
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18. The method according to claim 15 wherein the polymer 
being a polyolefin. 

19. The method according to claim 15 wherein the polymer 
being an ultrahigh molecular weight polyethylene. 

20. The method according to claim 15 wherein Che lignin 
being a hardwood lignin. 
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Lignins obtained by atmospheric acetic acid delignification of rice straw, birch and fir were characterized by molecular 
weight, solubility and thermomechanical analysis, and by ultraviolet (UV), Fourier transform infra-red (FTIR) and 13 C- 
NMR spectroscopy. Rice straw lignins (rice lignins) were very different from birch and fir lignins. The former was difficult 
to dissolve in most tested solvents and infusible on heating, while the latter had a good solubility and fusibility. FTIR 
spectra indicated that the rice lignins had more conjugated and fewer unconjugated carbonyl groups than the wood 
lignins. C-NMR spectra showed that rice lignins had more polysaccharides associated to the lignin and more p- 
coumaric and ferulic acid than the wood lignins. Concentrations of acetic acid and choice of catalyst (sulfuric or 
hydrochloric acid) had a considerable effect on the characteristics of rice lignins. Rice lignin obtained with 90% acetic 
acid than that obtained with 80% acetic acid, and the lignin obtained with sulfuric acid as catalyst than that obtained with 
hydrochloric acid, had lower molecular weight, better solubility, lower glass-transition temperature and lower UV 
absorptivity. 80% acetic acid delignified rice straw less effectively than 90% acetic acid. 
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Abstract 

Round robin tests for chemical characterisation of sulphur-free lignins, precipitated from black 
liquors of alkaline pulping of animal frtxe oops, flax, hemp and straw, have been performed to identify 
quality -relaxed properties. The local (Klason and acid soluble) lignin contents of these lignins range 
berween 83 and 97%. Conianiinants may be present, like sugar residues {< 3_2%) t ash (<5-2%). 
including Si <<1V9%), and relatively high amounts of nitrogen (<\J&%). Furthermore, the (oxidised) 
acid precipitated soda lignins were found to contain sigraftcaofJy less pbenoiic hydroxyl and mote 
carhoxyl groups than organosolv iiftnin ( AlcelO- 

A comparison of FT1R and wer chemical methods indicated that accrylafion for determination of 
hydroxyl groups under the cc«nditxons used is incomplete, resulting in an unreliable total liydioxyl 
dctcrminarioQ. Molecular weight analysis of mo round robin Hjpims using HFSKC with different 
clucnts gave iocomparablc results. Number average molecular weights of the lignins, as found by VPO, 
are relatively low. Compared to AlcelF* lignin, soda hgnins from flax, hemp and straw have different 
compositions, functional groups and molecular weights, which confirms that different functional 
properties are related to the chemical structure. 

Protocols have been established for reproducible determination of the chemical composition, 
functional groups, such as phenolic hydroxyl and carbuxyl groups and number average molecular 
weight of alkaline lignins from annual Abie souices. 

Keywords: Non-wood lignin characterisation; Sulphur- free lignin; Soda lignin; Round robin; 
Functional groups; Molecular weight; Annual fibre crops; Alee 1 1 1 ™ lignin 



1, Introduction 

Together with cellulose, lignin helnngs m the most abundantly occurring renewable resources. 
Almost all lignin extracted from Ugnocellulosic materials for paper production in modern pulp mills is 
burned to generate energy and recover chemicals. The lack of other, value added, applications is 
mainly caused by the heterogeneity, odour and colour problems of lignin based products. Moreover, the 
absence of well-defined, standard onaiyucal protocols, adopted by both suppliers and cod-users of 
lignins in different markets is an important issue (Glosses. 2000) for its broader intioduction as raw 
material in industry. 

The heterogeneity Q f lignin is caused by vaitations in the polymer composition, size* cross linking 
and functional groups. Differences exist in molecular composition and linkage type between the 
phenyipropane monomers, p-hydroxyphenyl, guaiaeyl and syiuigyi units, derived from respectively 
coumaryl, crraifcry! and srnapyl alcohol precursors . Lignin com position wjU be ^ffcrentjKjt only 
between plantsjofjd^crem plant. In 

^fb^o^ TIgm n. the structural element s^iuelo^ otn^ derived, for more than j lgfe . from eo iiileryl 
jjgohorigjk^^ like flax andliemp) va rious ratios of coniferyl/sinapyl have 
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been observed, whgreas in lipmjn^d^ycdj rom cereal straws and ty asses the gggggngeof coumaryl 
alcohol is t ypicaJ (Pence anlLtn. 1992). The major chemical functional groups in tigrunlnciude 
hydroxy!. methoxyL carbonyl and oirfioayl groups in various amount* and proportions, depending on 
genetic origin and applied extraction processes. 

Recently, the interest in using non-wood fibres for the production of cellulose for paper and other 
indusrrisl oppUcaiions is growing (De Jong et ah. 1999, Motita «r aL> 2000). Exoactrd ligmns from 
norv-wood fibres arc potential raw niainrials for new industrial applications. Sulphur-free lignin. as a 
renewable raw material, is of increasing intciest, because of ecological and economical aspects. Lignin 
derived from non-wood fibres is commercially available through a Swiss company mat patented a 
precipitation method for lignin isolation from black liquors (Ahachcrli and Dopitenherg, 1998). 
Separation of lignin from alkaline waste water of cellulose production is Achieved by acidification and 
filtration. In the alkaline pulping process no sulphur containing chemicals are used, so sulphur-free 
alkaline lignin is obtained Application development foi diis rype uf liguui is studied in a research 
project (FAIR CT 98-3521) funded by the European Commi&fiou wiih participation cf several 
producers of black liquor from non-wood alkaline pulping, research institutes and industrial companies, 
which are active on markets including (bio)polyracrs. polymer additives, wood adhesives and 
surfactants. 

Lignins studied »n mis programme arc derived from alkaline pulping of annual (fibie) crops* such as 
wheal straw, hemp and flax. For enhanced utilisation of lignin, reliable dial accusation methods should 
become available for identification of chemical and physical properties Due to the structural 
complexity of lignin, development of reproducible methods is rather difficult, as described by several 
researchers (Milne et oL % 1992, Un and Dcnce. 1992). To obtain reliable protocols yielding 
exchangeable results, a round robin for rite characterisation of alkaline lignins from annual fibres was 
performed by five Uboratories. The characterisation methods comprise determination of solubility in 
different solvents, chemical composition, tunctiunal groups, such as phenolic and aliphatic hydroxyl, 
carboxyl groups and molecular weighi. Pan id pacing laboratories used both their own methodology and 
the proposed procedures by the other partners. Several methods used were derived from existing 
protocols (Lin and Dcnce, 1992). 

The goals of the round robin are the icliabte determination of the functional properties of liguios 
and the establishment Of analytical protocols for characterisation. AJeell 110 organosolv lignin was used 
as a reference Ugnin, because mis lignin has been extensively crjajiicicxised previously by several 
researchers in a round robin (Milne et a/., 1992). 



2. Material and Methods 
2. /. Ligniiu 

Lignins from alkaline pulping of wheat straw, hemp and flax were obtained after precipitation by 
acidifying black liquor from Spanish pulp mills and subsequent purification according to a patented 
process (AbSdterii and Doppenberg. 1998). Two flax lignins were derived from the same black liquor, 
but the lignins were recovered ax different piecipitation pH of respectively 5.5, for flaxl lignin, and 2, 
for flax2 lignin. 

AlceU ,w organosolv lignin was obtained from Dr. Jaito H- Lora fromRepap Technologies Inc.. 
Valley Forge, FA, USA. This lignin was extracted from mixed hardwoods (maple, birch and poplar) by 
an organosolv process using aqueous ethanol. 

2.2. Analytical meituxi* 

As reference compounds, syringic acid and Alccl! 11 * ot gauosolv lignin were used. Chemicals of 
analytical grade were used. 

Structural characterisation of Kpruns hy FTIR 

Finely powdered lignin was pressed on the diamond surface of an ATR probe (Golden Gate ATR 
probe, Spccac. United Kingdom). 16 scans were recorded on a Vector 33 infrared spectrometer 
(tJruker, Germany). 

Carboxyl ic rjroups: "acid number" determination 

The pFT of 100 ml 95% (r/v) elhanol in water was adjusted to 9.0 using 0-1 mol V x sodium 
hydroxide in water. After adding 1 g accurately weighed air dry lignin. of known dry weight, rhe 
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mixture was stirred for 10 min and subsequently limited back to pll 9.0 with OA tool J" 1 sodium 
hydroxide in water, 

Qagfaaajdic grows: wvwtfg rir^uqn 

Accurately weighed 1 g lirjpnm was suspended in 10 ml alkaline aqueous solution After I hour of 
Brirring. the pU was adjusted to 12 wilh sodium hydroxide. After another 2 hours stirring, the solution 
wa* potentioroctricaily titrated with 0.1 inol I* 1 aqueous hydrochloric acid. 

EhfiflPjjg tofroKYl and e arbor ylig groups : npn-aquootis riiraion 

The phenolic hydroxyl and earboxylic groups were determined by a nonaqueous poteutiomctric 
Hrmcion with teua-it-burylamrnonium hydroxide (TnBAH) (Dence. 1992). 0.15 g Ugnin on dry weight 
basis and 0.02 g r>hydroxybcnzoic acid as internal standard were used and the dissolving time of the 
lignins in DMF was extended to IS minutes. 

Phenolic h ydro tyl gro up s; jn&agcd spegtrogcq pY 

Determination of phenolic hydroxy! groups of Li gain was performed using FTOt by determination 
of the aliphfldc and aromatic ester bands of acerylated lignin at respecovely 1745 and 1765 cm 1 and 
using a found equation (Wegener and Strobe!, 1992). A Genesis Series FTIR Spectrometer of 
Analytical Technology Inc. (ATI Malison, USA) equipped with a single reflection diamond aaemiaari 
total i c flection probe was used. 

Pheno lic hVtfraXV]; DOP-aqucous titratio n with potassium methylfttq 

lignin was washed with DMF and dried before titration, 25% or 50% (w/w) Ugnin solution in DMF 
was rx>tenriometrjcalJy nOatcd wiUi 0.1 N potassium methyfotc. 

Total hydiOTvl raotms 

Acecylarion of 1 g air dry lignin. or known diy weight, was performed by reaction in 20 tnl pyridine 
: acetic anhydride mixture (1:1 v/v). After stirring for 24 hours under nitrogen at room temperature, 25 
ml *cc«cooted 100% methanol was added. The product was evaporated at reduced pressure to dryness 
and suspended in toluene, and again evaporated to dryness. This was repealed three rimes. After this, 
methanol was added and the residue was again evaporated to dryness (GcJJcrstcdt. 1992). 
The quantitative content of hydtoxyl groups m Ugnin was detcrrnined by sApumficaoon of the acetyl 
groups and subsequent analysis by HPLC (Gosselink el al^ 1995). 

Two types of Ugnin. straw and AJceil 1 * Ugnin. were subjected to a second analytical method; 0.5 - 
0.8 g air dry ugnin of known dry weight was added to 10.00 ml acetic anhydride : pyridine 1 : 4 (v/v) 
and the obtained mixture was heated for 1 hour in an oil bath at 90 °C. After adding 2 ml water and 5 
minutes stirring* 50 ml ethanol was added to the mixture. Subsequently, the acetyl a^d lignin was 
poranric*metrically titrated with 0.1 mol I" 1 sodium hydroxide in ethanol 

Ratio phenolic : aliphatic hydroxy! e Content 

Aliphatic hydroxyl content of Ugnin was calculated from me difference of phenolic and total 
hydroxy} content as determined by wet chemical proiocolB described above. 

For H NMR analysis, lignin was aectylated (Gcuerstedt, 1997) and 20 mg was dissolved in 0.8 ml 
CDCfe. Measurements were performed with a Broker DPX-300 MHz NMR spectrometer. The ratio 
was determined by integrating the signals of the aromatic and aliphatic acetory groups at respectively 
2-3 and 2.0 ppm. 

C NMR specnoscopy was performed on acerylaced lignin dissolved in DMSO <d<j at a Bruker 
AC200 NMR spectrometer. To quantify the signals, the inverse gated decoupling technique was 
applied, A delay of J 2 s between the acquisition of each scan combined with a 90 degree pulse was 
chosen. Quantification of the titer signals of the aliphatic (109 - 171 ppm) and aromatic hydroxyl 
gruups (166.5 - 169 ppm) gave me ratio of phenolic : aliphatic hydroxyl groups (Robert and Bruno w 
19S4. I^anducci, 1985). 

FTIR spectra were recorded of acerylaied lignin with a Genesis Scries FTIR Spectrometer of 
Analytical Technology Inc. (ATI Matison. USA). For determination of the ratio of the aliphatic and 
phenolic hydroxyl groups in lignin, the intensity of the esccr bands at respectively 1745 and 1765 cm"' 
were used (Faix el a/.. 1994). 
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A total of 2 e air dry lignin. of known dry weight, was dissolved in 100 mj DMF with 0.2 mol I' 1 
IjCI or THF overnight at room lexnpcraiufti. After filtration under i educed pressure, die residue was 
dried at 70 "C dII constant weight. 

Molecular weiyhr dig^burion h Y HMEC 

Ugnin was dissolved in DMF wiih addition of 0.2 mo! 1 1 LiCI at room temperature at a 
concentration of 0.1% (w/w) by gently shaking the solution for J -2 minutes every 5- J 2 hours. After 24 
bours, the lignin solution was injected oo the sue exclusion columns. Different columns and 
chromatographic conditions were used: One system consisted of a Cosmosil HFLC Si-gel SSL, low 
porosity column (Walcrs/Nacalai Tesqne. Japan) connected wjij, a Tessek SGX-1000 unmodified silica 
based column, 10 um particles, medium porosity (Tessek Praha, Czech Repubbc). Size exclusion was 
pcrtbrmed at room ternpetanm: with DMF and 0.2 mol r 1 UCI. a flow rate of 0.3 ml T 1 and UY 
detection si 2&0 nm. 

A second system consisted of three styragcl HR columns. HR0-5. HR2 and HR4, 7.g mm 1.13. x 300 
mm, 5 um particles and a precoluma CWaiers. Eden- Lear, The Keiberiands). Size exclusion was 
peribrmed at 80 °C with DMF and Q-2 mol i" 1 Lid, a flow rate of I ml/mm and UY detection al 280 
nrn. 

TTre third HPSEC system consisted of four PLgel columns of 50. 500, 3 000 and 10000 A (l'olymcj 
laboratories Lid., Birmingham, England). Size exclusion was performed at 30 with stabilised THF, 
a flow rate of 1ml P and combined RI and UV 254 nm detection. The Ugnin concentration was 1 % 
(w/w) in THF. 

System calibrations were performed with poiysryrene standards ranging from 162 Daltous to 1200 
fcDaloms. 

Molecular weight bv Vamr Pr^pi^ ^^1^, 

The vapor pressure of lignin solutions ranging from 10 to 40 mg lignin in 1.5 ml DMF was 
measured after cquHihrauon of the system (Osmometers Kuauer K7000) at 90 °C for 12 mm. 
Calibration of the VPO (vapor pressure osmometry) system was performed with fjucosc pentaacetaic 
under identical conditions. 

Qjcmjca) imposition 

375 mg lignin was hydiolysed with 3.75 ml ice-cooled 12 mol l" 1 sulphuric acid during 1 hour at 30 
P C. After dilution with 36.25 ml demineialised water and 5 ml solution of inositol io dermneralised 
water ar 5 g T (internal standard), hydrolysis was performed during 3 hours in boiling water. After 
cooling in ice-water, the hydrolysate was cenuifuged for 15 min ac 4000 r.pm. Acid insoluble lignin 
was determined after filtration and hot water washing over a G4 glass filter crucible (TAPPI T249 crn- 
&5, 1999. TAPPI T222 om-83, 1999), Acid soluble lignin was srncrophou>rneaicolly determined at 
205 nm (TAPPI TJM250 um-83 % 1991), Sugar residues were determined as their corresponding aiditol 
acetates after subsequent reduction and acetylation (TAPPI T249 cm-85. 1999) using gas liquid 
chromatography with a flame ionization detector on a CP-Sil 88 capillary column (ChroTupacfc, 
Middelburg. The Netherlands), Uionic acids In the sulphuric add hydrolysate were 
speetrophotornetricaliy determined at a wavelength of 520 run (Blemenkranxz and Asboc-Hansseo, 
1973). 

Nitrogen content of approximaicly 80 mg air dried lignin of known dry weight was determined by a 
rapid N system (Nitrogen/protein analyser, Hlementar Analyseoaysteme GmbH, Hanau, Germany). 
Combusdon of lignin was performed at 960 U C. NJrrogcn formed was quantitatively analysed by 
conductivity maasurcmenL 

The ash content of Ugnin was gravimctrically dctenruDcd after incineration at 700 °C for 8 - 12 
hours til J black carbon panicles have been disappeared. To the ash, 20 ml of 65 % (wfw) nitric add was 
added and boiled gendy till a residual volume of 8 mi and subsequently 4 ml of concentrated sulphuric 
acid was added. This was heated till white fumes were evolved. 4 ml 6$% (w/ w ) nitric acid was added 
in order to clarify the solution. If necessary, this addition was repeated. After cooling to room 
temperature. 50 ml demoralised water was added and boiled for some minutes. After filtration, the 
residue was washed, dried and weighed (TAPPI T2AS. 1494, Gurakan et al.. 1990). 
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3. Results and Discussion 

3J. Structural chamcitrisaiion 

FTIR spectra show clear differences between the five tignins studied (figure 1), Between 30OO - 
2800 cm* 1 C*H stretch in methyl and methylene groups are present in differcni quantities. In the flax 
lignins suhsmntiaiiy higher quantities arc present The gains contain carboxyl groups represented by 
carboxyl vibrations between 1750- 1550 cm* 1 , Spectra of flax, hemp and straw lignin show three 
peaks, whereas the peak at 1647 ctn 1 seems to be absent in AlcelJ 01 Jignin. Wain in lignin gives rise to 
a signal at 1625 cm' 1 and may interfere with the conjugated 00 band. At 1600 and 1510 cm" 1 aromatic 
skeletal vibration bands tan be seen far ail lignins. Between 1300 and 1000 enf 1 very different bands 
and peak ratios are present due to various vibrations like OO, C-H and C=MD (Paix 1992). jFTIR show 
ihar the lignins studied are distinctively structurally different which will be further elaborated by the 
detailed analyses described in (his paper. 

3.2. Chemical composition 

Table 1 shows that analytical results obtained for AlccD w lignin with respect to lignin. sugar and 
nitrogen content? arc in very good agreement with the data of MUne ct *L (1992), This indicates that 
the methods used can be considered being reliable and reproducible. Alcel] ra lignin has a higher purity 
than most of the alkaline lignins srtidicd, derived from annual fibre pulping. The lignin content of the 
samples studied is between S3 and 90%, with maximal 3.2% sugar residue* and 1.6% nitrogen content. 
Obviously, considerable amounts of protein seem ra he present in the soda tigmns. Up to 10% is 
calculated when using an average conversion factor for nitrogen to protein of 6,25. It is likely that 
strong linkages are present between proteins and precipitated lignins. which are resistant to the used 
extraction procedures. This is also found by Pan and Sano (2000) for alkaline lignins of wheal straw, 
which contain strongly associated protein, which was difficult to remove by liquid-liquid extraction. 

The sugar composition in different lignins is depending on the genetic origin of the starting materia! 
as shown in table I* The relative high retention of galactose in hemp is remarkable, indicating strong 
association of galactan with lignin. In straw lignin xytau seems to be most strongly associated to 
phenolic residues. The asb and silicate contents of the different soda lignins are - as expected for 
annual fibre crops - at a higher level than in wood lignin However, the ash corneal of straw lignin is 
remarkably low since wheal straw is known tor its relatively high silica contents. Although both flax 
lifcfum are derived from the same black liquor, table 1 shows that their compositions differ 
signifjcanijy. This is caused by different precipitation procedures for the lignin recovery at varying pH 
from 5.5. forflaxl. to 2, for flax2 lignin. 

Table 1 . Chemical composition of round robin lignins 

3.3. Functional groups: phenolic hydnuyl and carboxytic groups 

Quantitative determination of the phenolic hydroxy! groups in lignin by non-aqueous titration (in 
DMF) with ttu-a-n-bucylairmionium hydioxide (TnBAID is inter-laboratory reproducible (figure 2). 
Titration On DMF) with potassium msihylaie gives comparable results with the TnBAH duration 
(figure 3). Method validation by using syringic acid as a model compound proves its reliability. 
Interference of other weak acidic components, such as end-group amino acids of proteins* present in 
the sulphur-free Hgnms is assumed to be low. Obviously, the content of phenolic hydroxy! groups in 
Alcell 1 " lignin is almost double the amount of alkaline lignins from annual plants. 

For die lignins examined, the non-aqueous titrations for detei initiation of phenolic hydroxy! groups 
give poor cotrespondeoce with the FTIR data (figure 3). However, with the exception of the flax2 
lignin. the same tendency for FTIR is found to overestimate the values obtained by non-aqueous 
titration. For some lignins the inflection point tor the phenolic hydroxy) groups is hard to observe, 
which means that the standard deviation in the results increases to more than iO%. 

Furthermore* acetylated lignin samples have been used for quantification of the phenolic hydroxy! 
groups by FTIR. Acctylation of syringic acid results in a poor conversion (73% w/w)of the total 
amount of phenolic hydroxy! groups, which may be attributed to stoical hindrance by two nieUtOxyi 
groups (figure 4). Also for lignins the aeetylauon could be incomplete, which will affect the reliability 
of the method and underestimates the phenolic content. In the FTIR spectra of lignin the OH stretch 
vibration signal at die 34 lO- 3 460 cm is strongly reduced after acetylatiuti. but cot completely absent 
in the FT1X spectra, which indicates incomplete reaction for the lignins studied. Based nn the results 
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obtains!, the methods are not fully comparable ami the non aqueous derations are assumed tn t« most 
accurate. 



Fig. 2. Phenolic hydroxyl content of different lignins deiemuocd by different laboratories with non- 

aqueous TnBAH titration 
Fig. 3, Comparison of phenolic hydroxy! content of bgnins dettrrnhied by different methods 
Fig. 4- Determination of total hydroxyl content of iignlii after different acetylarion piocedures 

l^acnmnanxin of the total hydroxyl content of the round robin lignins was performed by two 
different acety larton procedure*. Between bom methods significant differences for straw ami AlcelT 1 
ligiun are demonstrated (figure 4). As indicated above, the acetylarion reaction could be incomplete 
resulting in an underesfimarioa of liie total hydroxyl content. 

The ratio o f phenolic and aliphatic hydroxyl groups oflignin determined by wet chemical and 
several spanroBcopic methods shows poor correlation (figure 5). In FTO and NMR analysis 
overlapping signals may easily introduce sijmiticant errors. Corresponding results are obtained for 
■draw Jigwn, but more mscrrepancy is found between the data for the other tigoina. Similar differences 
for absolute values obtained by wet chemical and spectroscopic methods were found by Fai* et al 
(1 994). Obviously, the ratio of phenortc/idipltarJc hydroxy! is higher for Aleeir lignin than for the 
other bgnins. The conmbudon of sngar contatntnants to the total aliphatic hydroxyl groups can be 
neglected for Alcell lignin. hut in case of the alkaline lignins a substantial contribution has to be 
accounted for (maximum 0.6 mmol g"'). After subiracrion of the latter contribution of sugar 
contaminants, the ratio of phcnolic/alcpliaric hydroxyl of the alkaline lignins will increase to values 
which are sell lower than for Alcel! 13 * lignin. 

Fig. 5. Comparison of the ratio of phenolic/aliphatic hydroxyl groups of lignin determined by 
various analytical methods 

Carboxylic acid group analysis in lignin by non-aqueous titration using TnBAH (figure 6) gives 
comparable rnrer^aboraioiy results. Method validation with syringe acid, which contains 5.05 ininol g 
carooxyiic groups, dernorisrjraifis thai this method is reliable and reproducible. The carboxyi contents 
(Alc^k^ KgtIm5 toW ' hCmP flaX m higher 0,10 has been found for organosol v lignin 

Kg. 6, Carboxyi content of lignin as determined with a non-aqueous TnBAH titration by different 
laboratories 

The -acid numhftt" method, using aqueous 95% efhanoi as solvent, for (he detenninarian of 
carboxylic groups, gives good inttr-laboratory reproducible results (figure 7). However, chc carboxylic 
commit of the round robin lignins show some variance for the three different titration methods (figure 
8) For all methods used, the model compound, syringic acid, tfves comparable and reliable results- 
The main reason for the variances is ascribed to the Ugnin solubility in the selected solvents. Far the 
TnBAH titration DMF was used as solvent in which the solubility of the lignins examined is much 
higher than In the other solvents used (table 2). The accessibility of tho carboxyiic groups will be 
higjier when using DMF as solvent, so the non-aqueous tilration with TnBAH will probably give the 
most reliable results. ° 

Bg. 7. Carboxyi content of lignins deterrnined with the "arid number" analysis by different 
laboratories 

Fig. 8. Carboxyi content uf lignins determined with different analytical protocols 
Table 2. Solubility {%) of a 2% (W^) lignin solution 

3.4. Molecular weight 

Primarily, the solubility of the round robin tienins in DMF wiih 0.2 mol V 1 UCI and in THP has 
been determined as is shown in table 2. Only the AJcell^ liRpin is completely soluble in both solvents. 
Because the solubility of the alkaline lignins is very poor in THF, the results of the molecular weight 
determination in this solvent reflect only the dissolved lignin pait which is likely to be only the low 
molecular fraction. The weight average molecular weight (MJ of hardwood (AlreO lignin is in the 
same range for the different solvents used (figure 9). but Is considerably lower in THF. probably due to 
lower swelling and smaller hydnadynamic volume of the dissolved molecules and partially adsorption 



43 



7 



on the stationary column phase. The other lignins studied give even higher deviations in the M„ as 
detmiuned by SEC (figures 9 and 10). 

For SEC two major problems have been encountered. Fircdy. some of the lignins do rial completely 
dissolve in the solvent. Secondly, adsorption of ligrun molecules on the stationary phase of the columns 
used may occur, as scon by an increase of the baseline detection signal or the end of a sample run as 
compared to the initial signal (figure 1 1). The two HPSEC systems using DMF with 0J2 mol V 1 LiCI 
give no reproducible results probably due to the different operational conditions and columns used In 
conclusion, HPSEC of lignin in organic solvents gives poorly comparable inter-laboratory results for 
ihe round robin lignins examined. The same was found previously by Milne e* ci, (1992) for molecular 
weight analysis of different lignins under identical standard conditions. 

Number average molecular weight (Ma) of the lignins as determined by VPO using DMF as solvent 
indicates that Max and hemp lignin have molecular weights of approximately 600 Daltons comparable 
with me Aiceli w lignin. In contrast, the straw lignin has a higher molecular weight (MJ of about 1400 
Daltons (figure 9), For VPO analysis it is known that the determination of M« strongly depends on the 
presence of low molecular weight fractions in the iignia (Pla. 1992). For this reason the Mo found for 
the alkaline lignins arc considered to be rather low. Alccll** 1 lignin has a M„ and M„ of respectively 800 
and 1600 Daltons, when using TllF as solvent, as found by f Iergcrt ex al. (2000). Fan and Sana (2000) 
reported for different lignins from wheat straw higher values for the M q and M« of respectively 1800 - 
2000 and 3300 -4400 Daltons. These lignins were acetyiated before dissolving in THF. The 
differences found may be related co die analytical methods used and the applied extraction procedure of 
the lignin. 



Fig. 9. Weight average molecular weight of several lignins determined by difrerem HPSEC 
methods 

Fig. 10. Number average molecular weight of several lignins determined by HPSEC and VPO 
Fig. 11. Hlgb-pexfontiance size-exclusion chrornaingrorns of different lignins 

5. Conclusions 

Despite some contradic tory results between different analytical methods used, a number of 
reproducible and reliable protocols have been established for the characterisation of sulphur free 
lignins. From the obtained data for chemical composition and functional group content discerning 
qualitative features can be deri ved for application development Protocols used for detarroinannn of the 
chemical composition, such as lignin, sugar residues, ash, nitrogen and silicates, phenolic hydroxy! and 
carboxyl groups by non-aqueous titration wiih TnBAH of alkaline lignins from annua! fibres give 
reliable results. 

Alkaline lignins from straw, hemp and flax have a lignin content above B0%, sugar residues up to 
3.2% and a nitrogen concent up to 1.6%. Obviously, if all nitrogen is present in the form of protein, 
considerable amounts (<103>) are present The composition of the sugar residues in these soda lignins 
is depending on the genetic origin of the starting vegetable fibre material. The ash and silicate content 
of these iiguin samples is tanging between 1 .9 - 4.9% and 0 - 0J9% respectively. Non-aqueous titration 
with TnBAH gives the most reliable and reproducible results for the phenolic and carboxyiic 
groups content of lignin, because The solubility of lignin is highest in the selected solvent. Alcell 15 " 
lignin has a higher phenolic hydroxy! content and a lower number of carboxyl groups than the soda 
lignins. Because aceryiatjon of ayringic acid and the lignins examined seems incomplete, the 
dcrjerminadon of me total hydroxy I content is not fully reliable. The ratio of phenolic/aliphatic hydroxy 1 
of lignin is rather difficult to measure accurately with bom wci chemical and spectroscopic methods. 

M* and M^ d^icrminauon using HPSEC with different solvents, lite DMF and THF, gives no inter- 
laboratory comparable and reliable results for the round robin lignins, which was also found as icsult of 
a previously performed round robin in 1992. VPO indicates that flax, hemp and AJccu to Ugiiins have 
comparable molecular weights of about 600 Daltons, whereas straw lignin has a higher molecular 
weight of approximately 1400 Daltons. These values for the number average molecular weights are 
considered to be rather low {2-3 phcaylpropane units), 

Soda Ugniris ^to straw have a difTensnt com position, jun ctional . group s and 

- mofecular weights as compared to^cell^ lignin. which indicates distinguishing srructure related 
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Table 1. 



Chemical composition of round robin i ignite 



Components (% w/w) 


Straw 


Hemp 


Fhul 


Flax2 


Hardwood (Alcell^ 

Milne er al 1992 


Total lignln 


8V. I 


85.4 


97.6 


83.3 


96.5 


96.2 


Klaxon K^nin 


86. 6 


R4.7 


97.2 


82.4 


96.1 




Acid-soluble lignin 


0.5 


0.7 


0.4 


0-9 


0.4 




Total sugar residues 1 


2.39 


3.15 


1.74 


Z09 


0.32 


0.3 


arabinocc 


0.43 


0.30 


0.19 


019 


0.00 




xylose 


0.72 


0.13 


0.07 


008 


0.22 






0.05 


005 


O.G7 


0.05 


0.01 




galactose 


0.26 


1.10 


0.25 


0.32 


0.00 




glucose 


0.75 


M0 


1.03 


072 


0.09 




rhamnose 


0.08 


0.07 


0.03 


0.03 


0.00 




urunic acids 


0.1 


0-0 


0.1 


0.7 


0.0 




Nitrogen 


1.61 


1.20 


0.76 


0.94 


0.14 


0,2 


Ash 


1.9 


4.5 


4.6 


4.9 


0.1 




Silicates 


0.7 


0.6 


0.9 


0.0 


00 





* - sugar residues calculated as polysaccharides 



Table 2- 

SolubjUty (%) of a 2 % (w/w) ligmo solution 

Solvent Straw Hemp Flax 1 Flax2 Hardwood 

CAlcelf" 0 ) 

DMF * 0.2 mol Y l LiCI 99.7 94.5 99.4 89.8 99.9 

THF 53.2 76.4 55.2 6X3 100.0 
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Phenolic hydroxy I content (mmol/g) 

© ~* ro o cn cn 




> 

n 
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Phenotlc hydroxy! content (mmol/g) 



8 





50 



Total hydroxy I content (mmol/g) 




51 




52 



Carboxylic content (mmol/g) 




53 




54 




55 



Mw (Daiton) 




56 



Mn (Dalton) 




57 



LJV 260 nm signal (mV) 
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CHARACTERISTICS, INDUSTRIAL SOURCES, AND 
UTILIZATION OF UGNINS FROM NON-WOOD 

PLANTS 



Jas'ro K. Lora" 



t. INTRODUCTION 



. :lTT ^ T W5rC Che Tm ma,cr,al ever uscd b * mi,nki ' 5d P^r production 
^ d0n,ina "! ro!e umii abo * «» hundred year, ago. Today, .on-wood 

. bers sue It as bagasse ana straw remain an important oulpir* raw materia! in certain 

tt 0P -^rr ,CS ™** lbrCSt feS0UrCCS - '» Edition; noa-wood fibers such as 
copies P W UMd t0 pr3ducc s P edai *. PaP*rs in several 

. When compared with wood, non-wood fibres are at a loftisric disadvantage due to 
taeir high ouikmess, and the fact that they are produced seaso"n»l|v, which gives rise 10 
transporta.on and storage problems. M a resuit. non-wood fibre mills are normally 

M JSs" bCnef " & ° m lhe eCOn ° mie$ 0f * als «*»■■ by wood- 

pulping hemtcaJi because of the capital-intensive nature of such processes. A s a result 
ipcm P" P">S J«q«on are an environmental liability. Although for manv vears mill 
nave oeen allowed to release the liquors into the enWrontnem w,T h ,i4Tno«a^c„c 

21T£ ? Cnan§ln , S - ChUia Snd ,ndia - the maia P f0duc " 5 of non-wood pulpT are 
enacr ng | cglslM!0n t0 decrMSc ^ ^ P P« are 

| !q u.or COflStlt " tes a P«m1«l co-product ihat. ff recovered, could not only ^crease he 
E™u mpiC, I 0f r* Wd FUlpi ^ also oSu e Tdiir 

SLr^^r^ wc win rcview *■ ** °<- -wood 
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CHARACTERISTICS 

Although noii-w»{| hgnfes nave hsen the subiect of considerable less sm-v rh» 
h S n». hon wood, significant precis has been made in the SSJS«3 ?«" 
nauve structure From -:be ^ndcgjfl, ,f ^ isa i cordon, r.or^ood "Ll ^ 

nu^jn-acftui^&svnMvrani »uaia^lt4-t 5 _ ""^"-^^^'^^ggSgf 
p*gradaiior. techniques are often used w infer the ivpt and qu Ma * of aiwaric 
nude, ,n l.gnm. Th.oaeidolys.s and nitrober^-nc oxidation are mefhSTIS 
g vc «,«,,„ C f me type and abidance of the aromatic nuclei mvoWed n ttnhsl nied 
by 0-0- bones ana m non-condensed units, respective*. Tables I and ■> riluWS 
results obtatnc- .hen varies aiKhors anp , !cd lheK techni , Q , ™ " ^ 

ol nudes vanes for cjffcren: non-wood soecbs While ke^r imr ^ u 
condensed syrin^i unns. and have lev, or lack. ^I^S^ £^ 
and cagasse arc high in ?-hydroxyphcnyipropane and havt svrin^ and U3 St 
conden^ «n,B ,„ roughly equal quamfnes. The daia also illustrates the ft £ for* 
given species there « vanab»!i,v depending an citivar type and on :he spLitc^'Xl 

Table I. Motor ratios of syringyi [Si. guaiacyl (G). and p-hvdroxvphenvtorooane 
units upon Thiacidolvsis of no n-wood Hgnins arox "P n -nyjpropane (H) 

Species — — 

Wheat straw cv. Champlaui • rnj/ri/ ' 

Wheai straw cv. Capitoie - j/n, 

Wheal straw - alkali sohible 

Whea. straw - i n stm 

Rice straw cv. BaUlia norm • in snu 
Rice straw cv. Balilla brittle - msiiu 
Kenaf -cast fibers - cv cverslades 
Kenaf - inner ba${ - cv. Everglades 
Kenaf -woody core- cv. EverdadfiS 
Kenaf -bast fibers - eV Aokaws-3 
Kenaf - inner bast - cv, Aofcawa-3 
Kcnaf-woody core- cv. Aokawa-3 
Kenaf ^bas; fibers - cv Mecsa 
Kenaf - inner bas? - cv. Mrisa 
Kenaf -woody core- cv. Mcisa 
Kenaf- eel j wa ll preparation 
ft . t. mi icict led, ' 



s 


G 


H 


Ref 


46 


49 


5 




53 


43 




i 


55 


*0 


5 




-3 


49 


8 




40 


45 


15 


t 




45 


8 


i 


78 




n. d. 




60 


*G 


n. u. 


X 


58 


/ 


n,d: 


1 


79 


2i 


n. d. 




60 


40 


n. d. 




58 


42 


n. d. 


: 


71 


29 


n.d. 


-1 


70 


30 


n. d. 




66 


34 


n, d. 


A 




in 


n. d. 


i 
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Table 2. Molar ratios of syringy! {SI. guaiacyl (G). and p-hydroxvohsnvlprooane 'Hi 
nitrobenzene oxidation products 





• S 


*j 


H 


Rcf 


w ncdi 5u2^ iruerncces - in s:m 




46 




6 * 


W^*ir V^raiL' (TA^>r »"•• 


52 


36 


13 


6 


Wheat slraw . ni^aii cninKb 


Jo 


43 


\ 1 




vT^i-if.., - „c|[ Walt r*$lutic 


3 " 


41 






Wilt* 711 cm W rr-iHi»rf tTMiti fci 


j t 


-8 


15 




Wnc <:rr~v»' — »V rim 

YT IH-nh J Li L. " ift jUli 


^3 


50 


• 


i 


W*h^*fir t^TfiU* — mtUAj'* tir'sti* lift 


* „» 


51 


15 


) • 


Whfi*T STJTiU* _ i'h rrv/ 

" 1 1 <wu L 3L JMr Iff iitu 


33 


52 


15 


S 


Wheat STT^W - r^llf^H SfrPtu l ; <-nir- 


-j 


49 






Wheat srraw • aikali soluble 






4 




Wheal straw - acetic acid Hgrnn 


45 


44 


1 1 


6 


i<? f"» 1-* linn i.i 


35 


38 


27 


IC 


i\cnar - oasi sscers 


79. 


20 


1 


II 


rvwtidi " wootiy CCrc 


66 


31 


3 




r\wn<ii — Goal uocrs — CV fcvcrgl2.Ce$ 


79 


21 


n. d 




rv^ndi — iruier oast *■ cv, bverg lades 


58 


12 


n. d. 




isxnai — wooay core- cv. bver^Jades 


' 57 


43 


n. d 




rvcji«i{ — odii uvcrs «- cv AO'vawa-,? 


SO 


20 


n. d 




Kenaf- inner base -c v. Aokawa-3 


60 




n. d 




Kanaf -woody core- cv. Aokawa-3 


5$ 


a: 


n.d 




Kenaf-bast fibers - cv Mctsa 


68 


32 


n. d 




Ker.af- inner basc-cv, Metsa 


72 


28 


n.d 




Kenaf -woody core- cv. Mctsa 


66 


54 


n. d 




Hcrnp - bast fibers 


4? 


53 


n. c. 




Hemp - woody core 


44 


56 


n. d. 




Jute - woody core 


58 


42 


n. d 




luce - bast fibers 


67 


33 


r» 4 d. 


13 
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There is a general agreement in she literature that in bamboo, and it, grasses, such as 
»-heai straw Su?s - cane bagasse, and reed canary grass, among cihers. the majority of the 
p-hycroxyphenvlpiopans units appear as p-ccumaric ester groups linked to the lienin 
core structure. • • ' Recem work has established that she ester linkace is exclusively- 
connectec to the r -poss;ion of the ligr.ir. aliphatic chain." A smaller proportion o' o- 
eo-jrnanc actd groups is connected w the lignin via ether groups or carbon-co-cartxin 
bonds. Other phenolic acids such as ferulic acid esters and ethers are also incorporated ir 
certain non-wood lignin. ' 

Phenolic acids etherifieS to -he lignin are a crossliaking hridee rbr ce'l wall 
Polymers, since such acids can.also be attached to the carbohydrates via'an ester link * i: 
Suen >igi:,n carbohydrate complexes are very- abundant in certain non-woods =cr 
instance, most of the Jignin in nee straw is chemically bonded to the hemicslluloscs 
■ccorauv 10 Yu e, ,|.- ■ - The occurrence of lignin-carbohydrate complexes present* a 
challenge for the industrial production of high purity iignins. 

Another structural feature that may occur in native non-wood lienins is acv>ation 
For instance, according to Ralph, kenafiisnin is about 50% acetyiated." " 

Eased on degradation studies, inferences can be made about the clearee of 
condensation ot ir. ,„« and isolated Iignins. Thus, wheat straw Iignins have fewe'I B-O-4 
ftoSwood^ m ° re COnden5Sd (i e - f hava m0K ^on-to-carW, bonds) than those 

n r ,X SSSf 71 * ^ US ' d t0 C ' UCida,s lht scruc,1,re sf ™<> w °°d iienins. Most 
o» toe C NMR work round m the literature has been of a qualitative nature, including 
Stud.cs on wheat straw', jute 1 ' and bagasse. 14 » Quantitative » C NMR technioues have 
been used to estimate condensed and non-condensed aromatic nuclei ir. rice straw ! iBnia 
The results snow S.G:H ratios of 24:34:42 for the non-condensee units, and 20:44:36 for 
the total (condensed * non -condensed) nuclei."" Wheat straw lienins before and after 
btodegradation have been characterized by 51 ? NMR. a technique that gives a »ood 
quantitative P ,aure of the nature of the different hydroxy! of 0up5 pre$em .» 

Compared with the work on native non-wood Iignins." a lot less has been published 
on me properties of non-w C od Iignins recovered from industrial black liquors. Properties 
„tTf funCUOnal :">' P uri * and wteMl" P"ay a significant roie in 

£ d«Z?,5 ar,d SU " ab,iily for) spccifsc «PPite«loc« These oarameters 
b rSrS °h r y SlrUCGJre 8nd of *e native lignin. but also 

iJtZS- h ^ ^'T 0 ' prOCeS5e5 ' Tabic 3 sho * s lhc dala On aliphatic (R) 
SSTZ l. ( r ° ' ° Xy ' Carb0K>1 ' ^ !r ' e!h0Xyl ° fOU P for «on-wod Hnta obtained 
S*LKh 'T* Van ° US c " rcial and ^mi-commercial orocesscs. The 

U-n r I ^ - er ? UPS ' atC VC °' in$!njrnental f ° r ^e chemitti modification of 

u&ntn ror various mcustna! uses. 
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» u tp i n 3 Proccs s d ~, ; — 

•vvheir^rw^™---- ~?l.^ ( ^T^r-oa? 

Wheat straw 5 ock 0J * " Ifit 

straw Soda-AQ °„ °*ff ^ <M9 



Re 



"-«•• S'faw AisaJiae Sulfite w, C h „ „ 

*Q and formaldehyde °- m> ° : ' 6 ft m. ' » 



*T««i straw Severn {Ace JcAci 

"Tie* straw Solvent (Alcohol) <>« n t "'^ ' ° 2 

0.^9- 0.09- 

H«mp Soda °" 0.12 q.„ 

Bagasse ^ 0.14 0 .« 

*l— A a tohv drolysis Ml 0.35 

Extraction 044 «• m, o. i6 

Solv ^ Acetic Acid). „. m . 077 

d So,ve ~> oi ;z z :: 

fift So^ca,^ £ - «J ,.01 _ 



12 
V5 



0.95 



f ne no.n-subscrruicd C-3 rrh r < . S 

important Tor hWin w somatic positions nf *h r 



64 



J K. LORa 

Table 4. Number of non-wbssiuued C-3 and C-5 positions in non-wood iiunir.s a-t-: 
softwood kraft Mgr.m * " " * c 3 



species 


Pulping Process 


Non-substituted C-3 & Co perC* 


Rcf 


Bagasse 


Suca imild pulping) 


0.7 




Wheat straw 


Soda 






Wheat straw 


Soh-er.! (A.koho:) 


0.64-0.83 




Reed 


So J vent (Alcohol) 


I.G- 1.1 




Pine 


Kraft 


0.7 


52 



Another importam facior in the potential utilization of lisnins h their puritv Nor- 
wood llgnins may have three sisniHcam extraneous components: sugars, Vhca and 
proteins. ■ As discussed earlier, native non-wood iignins n»v have co-valcm bonds 
with the hemiceltuloses. Therefore, it is not surprising to find tignm-carbohydrate 
complexes m soda pulping liquors/' which may .lead to the presence of sugars m non- 
wood Iignifl prcparatsons. Gosseiirtk et a:, reported that scda lisnir.s recovered r the 
ptior icvei n-om industrial black iiquors from flax, hemp and wheat straw have *> 1 {0 
2.2% sugars. 1.9 to 4.9% ash (due in part to silica} and 0.76 to 1.61% nitroee" 
(.qu.valem to 4.8 to 10.IH protein)/' Such levels of contaminants are consider*d~J 
improvement over soda lignins obtained in the past, which had purirv less suitable for 
value-added utilization. - Even higher purity can be attained for non-wood oreanosoiv 
lignms, which can usually be produced with less than J.0% sugars and ash. 5: 

Other properties of reievance to iisnin utilization include molecular weioht an d 
thermal characteristics. Ahhough the molecular weight data presented in Table 5 is 
somewhat scattered it suggests thai non-wood lignms have a relatively low molecular 
weight, wnb organosol lignms at the lower end of the ranae. a recent round robin 
among several European labs has identified significant variabilis in results of molecular 
weight determinations by size exclusion chromatography for non-wood lignms. which 
points out to the need for standard procedures in this area. 1 "' 

Lignosulfonates obtained by alkaline sulfite pulping of wheat straw in the presence 
of .ormalaehydc and AQ are also reported to have iowcr molecular weight than wood 
Itgnosulfonates and methyjsulfonated kraft ItRnins, 51 

Uile information has been published on the ihermai properties of non-wood liznms 
The caia m Table 6 suggests that soca iignins have a higher alass transition temns^rure 
than organosol hgnms. which is probably related to the lower molecular weight of the 
laner. Aoacherh nas recently reported that ajkaii fiax. sisai. abaca, and ju« iifcnms 
cxmbit thermal now at 1 20 to 1 80 C C* 
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Table 5, Wesghi fM w j Hfic number i/Vy average molscufar wcishr of selected non 
Hi^ns 



:?3 
•wood 



Specfes 


Pulping process 


M* 


M, 


Ret" 


Wheat siraw 


Sods 


-1400 


i 200 


\;: 


Whear straw 


Soda 


Not reponcd 


1400 


it 


When: straw 






1770 


<i 


Wheat 5iraw 


Solvent {Acetic Addl 




2020 




. Wheat straw 


Solvenc i' Alcoholl 


Nor :-poncd 


800 




Flax 


Soda 


Nov reported 


600 


4 ! 


Hemp 


Soda 


Not reported 


600 


Jj 


Bagasse 


Solvent (Acetone) 


2740 


S40 


Li. 


Bagasse 


Solvent (Acetic Acid) 


Not reported 


830 


36 


3agas$e 


Autchydroiysis 


4.160 


420 




Reed 


Solvent (Alcohol) 


1410-1430 


650-680 




Table 6. Class transition temperature of selected non-wood lignins 


bpecies 


Pulping P-occss 


Glass Transition Temperature, °C 


Ref 


Wheat straw 


5oda-AQ 


160(cmde). 1S5 (purified) 




Wheat straw 


Solvent (Acetic acid) 


142 (crude). 172 (purified) 


«# . 


Bagasse 


Solves (Acetic acid) 


170 




:-6 


Hemp 


Soda 


153(1 ban. 103 (20 bar) 




fleed 


Solvent (aicohol) 


96 ~ 91 < 1 bar>. 65 - 7 


2 (20 bar) 


3J 


Wheat straw 


Solvent (alcohoO 


10-5- 122 f | bar). 61 


-89(20 bar) 




Kenaf 


Solvenc (alcohol) 


66 ~ 70 (| bar). 104 - 


108 (20 bar) 





3. INDUSTRIAL SOURCES 

Most industrial non-wood pulping is done with alkaline processes, including -he 
oda. soda-AQ, alkaline sulfite, and .kraft presses. Soaa and soda-AQ £ Z 
predominant processes, since in general non-wood fibers are easv to delignifv because of 
.heir redely low lignin content and their accessible morphology, loda SJ5 fc 

!f lb t 1 ?! alka " nC SU,fite ?rCCeSS is often uscd 10 ? U 'P 5 ^ltv fibers such 
d oc« s «,f, h f- 'f S ° me COUBtrles «*» "°n.wood milk switch oulping 

proewss is used commercial ly for bamboo and kecar. 
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The liquors potentially available for hgnin recovery are orimarilv <=rom STli >; . QH 
miils thai cannot afford a recovery system and thai mav'be under pretW- to cith-r ire** 
thetr effluent or close down. A sccor.c sourer is !ar«er mills that mav have a ^ 
process but wan: to incrementally expand ti.eir pulping capacity ami need an economy- 
way to hanalc the excess liqucr generated. ' mu 

Several researchers have proposed lignin recovery from soda stack ij-aors a 5 * 
strategy ,o diminish the Chemical Oxygen Demand (COO) of the effluents The 
proposed process** Really ittvolve ligr.in prestation by acidification followed bv 
l.qud sol.o_s separat.on. 4 One of the difficuhies ofihU procedure when dealiru Jl 
nor.-wooo titers is that the spent liquors fro- alkaline purine often contain silica which 
may co-prec.p.tate witf, :hc lignin. rendering it of lower qualiiy. Accorcine to Cra* and 
Ch.n. prccpnanon processes used in Asia have not been successful to ieoarate | 8 „j- 
irom si.ica. Tne LPS® precipitation process recenlly introduced commercially in Ewopt 
lowtsh^dsmca^m pr °' 3iC,n '° haVt ° b,ained soda ,i ? nins witb ^velv 

Although Mgnirt recovery eliminates a substantial portion of the effluent load it is bv 
no nteans a complete solution to :he environmental problems of non-wood mills and 
Z may be fSquircd 10 adlicve a "=P»bie discharge limits. Fortunately 

CH^T^i T'T apPC3rS ? bC anea4blt 10 bioi °S ieal Indian and 

Chmesc resea.Jiers have reported on the successful biodegradation of such an efflu-nt 
w ith anaeroo.c as well as photosynihctic organisms."" 

- «J? U?. C " e ° f a!k3ii " e SulflK pulpir - !i< ? uors - Chinese researchers have also 
proposed hgnin removal oy acidification win, sulfur dioxide 5 -' or with sulfuric and" as 

spite o; the more hydroph.i.c nature of the lignin present in these iiquors. 

One further variant on alkaiine sulfite pulping involves the use of formaldehvde and 

STX*! PU ' P r § 3<idi " Ve ^ WhXh 1Sa " ' W ,ht of hi Sh'y sulfonated 

£S*2L 'Pff.'W- it is doubtful that a pulping method involve 
formaldehyde could nave widespread industrial use, but the liquors obtained have 
properties suable tor a variety of applications and. therefore, whole liquor utilization has 
oeen proposed as a prercrred way for disposal. •■*•«»««» 

fihr^ 0 £, reCCnII> '' "° Vel PUlp ' nS pr0CCSses bavc be " propos<d for Processint. non-wood 
fibres, ror instance, autocatalyzed organosol* pulping is reported to be particularly 

^r meLXr d ^ ^ ^ " ^ S ™» ^e^eralion. 

nene^on 7h v Pr °" SS - """"'"^ » siii " "cumulation problems; and the 

generation of n.gn pur.ry co-products, such as lignir. One example of «itocaialv«d 

con™ ,gnm „ 15 r WVered 3> precipi * S ° a ^ adjustment of the solvcm 
een o~ fn C ^ ,enlperaWre Sf ;hc Sp «« cookin, liquor. This process has 
been proposed or wheat straw, reed, kenaf. and sugar cane baeasse amona others i: 
Other organosol,- processes that have been proposed for non-wood fibres" and offer the 
E T reC0VC °' inC,udt ?u!pin " With or ? ank S pi<e of he 

Soty^ocS. " ° reanOSOlV PB ' PiB8 Pr0C " S;5 - the " Mn ™«*' -Mentation has 

ooieJuSnSifS " th f no, °S i " have 2,50 bce " »W an non-wood fibers and can 
potenttallv generate Ugn.ns of mtercsnng properties. Autohydrolysis of biomatts (i.e.. 
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ftifflml production from sugar cane bagasse in *he !980's " a -fm^ 
4. UTILIZATION 

and Chinese a pine rush »i r»niarv nil MmUBM . Df , 5 1 nc stbw. 

similar to alkali flood ng £ |SK£f 'T "l"** WaS * Urtd :o fea ' 

more complex comoositL " '"r " much . more implicated mechanism due to its 

=>alt r caustic and acid, Lignia-basod ""Is were r«,«H ' / , . h '" a:er 
too-? m>t f«.,-^ . u t y* j - u a-'s were tested in 10 01 we s in Clpna ir iooi 
1992 and found to be capable or increasing oil output with a useful life Ifsbt Z ' ' ' 

have been trtecffbr irrig S> SSSioJ^ E? T P-'P-g 
be impractical due to season*. demS S£™ *" ^ » 

and versatile urKon On e^tim 14 w,Hl fc offers thc P ° ,ent,ai for ™ st widespread 
pulp mills is S^ D SL?3E h ? I, ° n ^ USC ° fligninS recovcrcd 
research bJS^^^J ^ m ^ ^ *»*«* companies and' 
pursuing the use of ^ £ to « Csl ^^onvnunity. T ™ is 
and in the concrete and wood pS components of thermoplastics/ 4 

"odSa^^^^ manufacture of 

Stance, the use of Alccll® Xt " | L', n P ^ *"* °' hcr W™ 5 - For 

improvement in water h *" 

»mnce Pl op_ru..s of the films and in certain pJasticuing 
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■ effects '" An extension of this work 10 aJMinr limins has --own *„ h 
sulfonated derivatives^,^ ,^K a £ ITSiilSZZSW « 

COncret*, which results in a strong^ ' -u" L ° f le " wa,sr makine 

liquor W8S similar in ptrfS »^±R fl ° b * iBed «* -»"-3«-3 
sulfonated lignm oroduc: « ?ZT- !l ^ illif »K' *'lt *! 

considered , ^^u*^*™*' " ^^--''l^-.-, which t 

in m«h y ,s«n and 

of .iisnins were noticed in niethvisuKon^it ^, f'^° e$ ° S!WCM ,hf Iw ° 91*- 
reactive than straw !i ? nin Th u Z ™ S ' " 7 ■>'"« kraft «8nin being much mor? 
orthc positions to the p^, (i e C HrtdV-A ,° f ~*»*«- 

temperature sulfation, straw and nine IiJf nt s- - T^ to * e M$e °- hi -i> 

lower reactivitv. h was ^1 ! [n " J lgnms r btnave3 -««-■-••>•. Regardless of Th 
excellent w«,Vd*X fi£5cE£!? ^ *** P-«--cis wi J 

a. the same sulfonation'levT^" L," ZTT" d ' S? f inS prop£I1i!S - '"stance 
probably because of the MteZ^^Z ' enSi ° n ' n8n ^ 

asss* ** * ^s^jsr Arsr a i 
po^assit with •* • «*« co* 

The products obtained hav^po eS « as ^ertrel™'' V 3 C °~ ProM »- 
molecular weigM products exhibiting ^ "is ~ .JS** ** -4* 

been studied by Chinese re<earchen !? '» ( " BUnct ' for tiIan,um oas 

^-^^TSS* ™a n f in "« «— * 
Stud.es on the utilization of fc 3 *a S$e soda and JfJ ^ , Snufacrure of Phenolic resins, 
have shown that a number of nraS es 1 n b IST? 3 " 1 ' iSninS -sins 
and enhance its reaaivjtv. Tto? hetaL^SST- * a= " Va " ,he li - enin "«-'-«"- 
followed by reaction with phenSor resor^o! ZT ° P ~ phenoia ' i <»- ^violation 
gasification. Depending on ^^^SS^^^"^^^ 

paper laminates, antone o,he"»'" B 2 *» * ^ ^ panels - and sa *™« for 

were successful used" in phenolic rnJd*f T* by pUlpin - in **■ 

-ct w, th the phfino) ^ chaj , 
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lew authors have reported the preparation and characterization 01 miscellaneous 
non-voo-*' li^iin derivatives. Thus. bmsse kroti Kantn has been -ran eo- polymerized 
wim male* anhydride/ 0 Brazilian researchers have prepared polyamrftes by 
^olvmerizaticn of organosol sutarconc bagasse %nin time had been arnmaten w.tn 
VmaldeKvdc and ammonia (Maimich reaction)/" The earboxymethyUuen ot sisal sooa 
litrnin was reported bv researchers k the Swiss Federal Institute os Icchnology m 
Lausanne who demonstrated viood reproducibility and correlation between reaction 
conditions and sroduct characteristics/ 1 

Glasser and Jain acvimed sugarcane bagasse auiohydrolysis lignin and demonstrated 
cha- the derivative had a lower thermal softening -renaperatyre relative ro the parent hgnm. 
Acylaiion. therefore, can be used to prepare derivatives capable ot thermal How with 
polveihvlene and with potential use tn polymer blends-* 1 

" In a different approach to die use of lignin in plastics, <ie Jcn^ ei a!, have proposed 
the use of straw soda h°nms cc dye poiyoterms. such is polypropylene, with reactive 
dves. The mechanical properties of the polymer were net negatively unpacted. with the 
mechanical stability to UV radiation actually showing an improvement/ 

Egyptian researchers prepared several rice straw lignin derivatives, inducing 
carboxvlated (usins acetic and propionic acid), cyanoeihyl. and amino iignms arvU 
evaluated diem in a variety of applications. They round that the propionates ligntn ms 
verv good for paper sizing, and the aroino-ligmn derivative performed as a 
flocculating aid and as an additive to enhance water retention in drilling muds. 

Scraw lignin has also been tried as a poiyoi in polyurcthane foams manufacture. 
Straw lignin 3 from alkali oxygen pulping has been reported u> have higher aliphatic 
hydroxy! concent than lignin from conventional soda cocks, and therefore nas greater 
reactivity with isocyanatcs/ 2 w 

Straw soda-AQ lignin was modified to form chelating resins for binding metals. In 
general the best results were obtained by a modification sequence Involving 
ultrafiltration, acid-catalyzed phenolation. Mannich reaction with various ammo acids, 
and carboxymeihylation. The products obtained were found to bind copper 
preferentially. Another proposed approach to ?he production of ehelanis involve^ the 
oxidation of sugar cane bagasse lignin obtained by organosol pulping In acetic acid. 

Tlte use of isolated lignins and their derivatives f rather than just crude black liquors) 
in agriculture has been proposed as a potential large lignin market. For instance. 
Brazilian and British researchers have shown ?he advantages of using lignin as a 
controlled release matrix for herbicides, such as 1,4-0 and Ametryn, in severai studies 
using sugar cane bagasse lignui. 07 
Cuban workers have proposed su^ar cane bagasse lignin as a soil improving agent. ' 
Oxidative ammonolysis (i.e., reaction of iignin with oxygen and ammonia) has been 
proposed as a procedure to generate nilrogen-rieh. partially OKtdized Hgnins. The 
products are claimed to be effective soil conditioners and slow nitrogen-releasing 
fertilizers/ 2 

?opa et al. found that alkaline flax lignin after nitration increases germination ol 
bean seeds and biomass yield by about 30%,^ Bagasse soda lignin is used in Cuba as an 
antidiarrheic for cattle, and apparently there are other medicinal and veterinary products 
under development, such as an anti-myeotic cream and medicaments for pigs.' The area 
of biological activity of lignins and lignin derivatives is certainly a promising field, and 
one in which much work remains to be done. 
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5. CONCLUSIONS 

Recovery $f non-wood iifium from existing pub mills couid alleviate 
environmental problems, and could contribute to (he viabiiixx* of many small operations. 
Non-wood littnms arc pcjymers with great pctennal as chemicals and as materials. Their 
versatile chemical functional icy and wide, rang r of physical properties offer -multiple 
avenues for the development of specialty produces. To realize the full potential of non- 
wood lignins. it is necessary to implement processes that deliver them with high and 
consistent quality and to increase the understanding of the relationship between their 
chemical structure and performance. 
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PLANT POLYPHENOLS OF IMPORTANCE FOR HUMUS FORMATION 
A contribution to the Polyphenol Theory 



Tatjana Stevanovid Janezil 



Introduction 

Humus or soil organic matter as it is alternatively designated, 
represents one of the most important natural resources and is of 
fundamental importance for the fertility of soils. It contains 
about the same quantity of organically bound carbon (22 □ 

10 14 kg ) as the total of living and fossil biomass on the Earth's 
surface contain together (about 21 □ 10 14 kg) . Theoretically, 
humus can contain any of the organic compounds synthesised by 
plants or animals. By the process of mineralization, part of 
organic carbon from the plant (and animal) residues is converted 
into carbon dioxide, part of it is metabolised by soil (micro-) 
organisms and thereafter converted into their biomass and part is 
transformed through the processes of biodegradation, re- 
polymerisation and reactions with soil inorganic constituents to 
humus, or soil organic matter. Resistant organic compounds with 
aromatic structure, such as plant polyphenols, belong to the last 
mentioned category. 

There are several theories of humus formation and the polyphenol 
theory seems to be of particular pertinence when humus formation 
from forest residues is considered. Therefore the contribution of 
structural wood polyphenols lignins and those extraneous in 
nature which are biosynthetically related to lignins to the humus 
formation is the object of this research. 

Background 

Laval University in Quebec has been the centre of an experimental 
activity in the last two decades aimed to find an application for 
the forest residues in form of smaller branches, twigs and 
foliage, for humus formation. All these materials are lignified 
and contain important quantities of polyphenols which are 
biosynthetically related to lignins, such as proanthocyanidins . 
Forest residues were chipped in form of rammeal chipped wood 
(RCW) and spread at forest land for study of humus formation. The 
samples of humus originating from well identified wood species 
are now available for a comparative study with lignins (and other 
polyphenols) isolated from the same wood sources. 
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Lignins - structural polyphenols of higher plants 

In botanical sense, lignif ication is accompanying the 
specialisation of tissues for transport of fluids, which means 
with the development of vascular system in plants. Lignif ication 
can be regarded as modality adopted by plants for adaptation to 
life on the ground. Lignin is found in vascular plants such as 
lycopods, ferns, softwoods and hardwoods and is absent from 
simpler plants such as algae, mosses, fungi and lichens. 

Development of a more perfect excretory system has certainly 
influenced the development of lignif ication of plant cell walls. 
Higher plants can perform the excretion through their root 
system, through the foliage or they can dispose of such 
metabolites into the vacuoles (soluble polyphenols, such as 
anthocyanidins, are accumulated in vacuoles) or directly into the 
cell walls (the insoluble polyphenols, such as lignins, are 
deposited in cell walls- therefore they are designated structural 
polyphenols) . This explains a variety of secondary metabolites 
that are found in higher plants. 

High lignin contents in woods 

Woody tissues in general have quite high lignin contents since 
they are composed to a large extent of vascular and sclerenchyma 
cells, such as tracheids, vessels and fibres. In herbaceous 
plants, for instance, these elements are "diluted" by other cell 
types, such as parenchyma cells, which do not have strongly 
lignified walls and consequently the grasses contain less lignin. 
Woods contain 18-30 % of lignin. Typical lignin contents for 
hardwood is 18-25 %, for softwood 25-33 %. 

General phenylpropanoid metabolism in plants and biosynthesis of 

lignins in plants 

Lignins are formed from carbohydrates ( formed by photosynthesis 
from C0 2 and H 2 0) through a shikimic acid pathway. The major step 
in conversion of shikimic acid, which is the obligate 
intermediate in aromatic transformation, is leading to aromatic 
acid pools of lignins and other polyphenols: phenylpropanoid 
amino acids: L- tyrosine and L-phenylanine . These upon reduction 
(reductive deamination) give corresponding cinnamic acid 
derivatives which upon further reduction yield cinnamic alcohol 
derivatives: p- coumaryl, coniferyl and sinapyl alcohols, the 
monomeric lignin precursors, or monolignols. Cinnamic acid 
derivatives, p-coumaric acid in particular is on the other hand 
the branching point for the biosynthesis of flavonoids through 
the chalcone intermediate. 

L- phenylalanine is an essential amino- acid in primary 
metabolism, and it is converted by phenylanine ammonia- lyase 
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(PAL) to trans- cinnamic acid. PAL is a key enzyme in the 
synthesis of various phenolic secondary metabolites, lignins 
being the most important of them because of their natural 
abundance. This deamination step catalysed by PAL is a principal 
step that marks the transition from primary to secondary 
metabolism in higher plants. 

Lignins are formed in vascular plants by dehydrogenative 
polymerisation of cinnamic alcohols derivatives. The 
heterogeneity of lignins is reflecting the varying ratios of 
these monolignols participating in lignin biosynthesis. It is 
interesting that homogeneous wood species such as softwoods are 
characterised by "homogeneous" lignins which are commonly 
designated as guaiacyl G lignins, referring to guaiacyl rings 
introduced by almost exclusive polymerisation of coniferyl 
alcohol. Hardwood lignins are designated as guaiacyl- syringyl 
(G-S), lignin heterogeneity reflecting therefore the 
heterogeneity of hardwoods in general. 

Dehydrogenative polymerisation is enzymatically initiated by 
laccase and molecular oxygen or peroxidase and peroxide, which 
leads to formation of resonance hybrids of radicals of the 
cinnamic alcohol derivatives (monolignols) participating in 
lignin biosynthesis. By coupling of various radical forms quinone 
methides are formed, the intermediates of central importance for 
the formation of lignin polymers and also for the formation of 
lignin- carbohydrates complexes (LCC) through the covalent 
bonding with pre- existing polysaccharides in lignif ication 
medium. Growth of lignin macromolecule and formation of LCC are 
taking place through the attacks of various on quinone methide 
intermediates . 

For the biosynthesis of guaiacyl lignin in gymnosperms and 
guaiacyl- syringyl lignin in angiosperms (except for grasses) , 
only L-phenylalanine is used as substrate. For grass lignins, 
which contain guaiacyl, syringyl and p- hydroxyphenylpropane 
units plus p- coumaric acid units esterified to terminal hydroxyl 
units of propane side chains (□ - carbons), both L- phenylalanine 
and L- tyrosine are used as substrates. 

Aspen lignins contain additionally p-hydroxy benzoic acid linked 
to phenylpropane units through □ - carbon of the propane side 
chain by an ester bond. 

Despite the presence of numerous asymmetric carbons in their 
structures lignins are achiral, which is explained by their 
formation through the polymerisation of free radical precursors. 
The major substructure, the arylglycerol - □ - aryl ether 
substructure, comprises about half of the total interunit 
linkages in both lignin of softwoods and hardwoods of the 
temperate climatic zone. Lignins are covalently bonded to 
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polysaccharides of the wood cell walls through the mentioned 
reactions of quinone methides, through benzyl ester and benzyl 
ether bonds as the most likely types of bonds occurring in 
lignin- carbohydrate complexes (LCC) . 

Polyphenols of woody plants other than lignins 

The same "woody" phenolics that are found in a wide range of 
ferns, gymnosperms, monocotyledons and dicotyledons (in leaves in 
particular) , which means in vascular plants which are lignified 
are not found in major part of mosses, algae, lichens and fungi. 
These phenolics are concerned with the development of vascular 
system in some way in those plants that contain them and 
therefore they accompany the lignified tissues.. 

Three types of polyphenols predominate in the leaves of vascular 
plants : 

• Leucoanthocyanidins (proanthocyanidins) -condensed tannins 
are related to these 

• Flavonol glycosides : principal ones being the glycosides 
of kaempherol (with phenolic B- ring) , quercetin (with 
catechol B- ring) and myricetin (with pyrogallol B- ring) . 
The A-rings of all these flavonols are phloroglucinol ones. 

• Esters, glycosides and amides of the various cinnamic acid 
derivatives (principally p- coumaric, caffeic, ferulic and 
sinapic- all important for monolignols biosynthesis, 
therefore all directly related to lignin biosynthesis. One 
of the most familiar examples of this class of phenolic 
metabolites is the chlorogenic acid , which is directly 
related to lignin biosynthesis intermediates: 5-0-caffeoyl 
ester of quinic acid. 

Divergence of biosynthetic routes for lignins and for flavonoid 
polyphenols consists of: 

• Sequential hydroxylation and methoxylation of aromatic 
rings leading to cinnamic acid derivatives formation which 
by successive reduction yield cinnamic aldehyde and 
ultimately cinnamic alcohol derivatives for the 
biosynthesis of lignins 

• Two types of enzymes involved in biosynthesis of 
flavonoids: general phenylpropanoid biosynthesis enzymes 
until the formation of cinnamic acid derivative and 
chalcone synthase, as key enzyme for chalcone intermediate 
formation by cyclisation reaction between CoA of p-coumaric 
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acid and malonyl-CoA. 

The flavonoids are one of the major groups of polyphenols. Their 
chemical structure is based on C 6 C 3 C 6 skeletons, in which the Be- 
ring and carbons 2,3 and 4 in chroman (C-ring) originate from a 
phenylpropanoid metabolism, i.e. L-phenylalanine and that of ring 
A from acetate (malonate) metabolism. This was established using 
standard isotopic tracer methods. The central C15 metabolic 
intermediate in formation of flavonoids is the chalcone or its 
isomeric flavanone and the chalcone synthase is therefore the key 
enzyme for flavonoid biosynthesis. Pathways to the various 
classes of flavonoids from naringenin (flavanone isomeric to 
naringenin chalcone with 4 ' , 5, 7-hydroxylation pattern) involve 
several enzymes. 

Vegetable tannins 

Vegetable tannins occupy the borderland of science between botany 
and chemistry. By mistake, many low molecular mass substances 
were classified as tannins. The most concise definition of 
vegetable tannins is that these are water soluble phenolic 
compounds with molecular mass between 500 and 3000, giving 
typical phenolic reactions, such as blue coloration with ferric 
chloride, with special properties such as the ability to 
precipitate alkaloids, gelatine and other proteins. A typical 
polyphenol with relative molar mass of 1000 possesses 12-16 
phenolic groups and about 5-7 aromatic rings. The capability of 
precipitating alkaloids, gelatine and other proteins from 
solution through complexation reactions is of importance for 
molecular recognition, for possible biological function, but also 
for a wide range of applications of these plant polyphenols^ 

There are three types of plant polyphenols which are comply with 
the definition of vegetable tannins: 

• condensed proanthocyanidins with flavan-3-ols as 
fundamental units (catechin nucleus) . Condensed 
proanthocyanidins exist as oligomeric forms (soluble) 
consisting of 2-5 or six catechin units and polymers which 
are insoluble. The flavan-3-ols are linked primarily 
through 4 and 8 positions by C-C bonds. The principal 
flavan-3ols are procyanidins and prodelpinidins (with 
pyrocatechol and pyrogallol B-ring hydroxylation patterns, 
respectively. We presented the propelargonidin condensed 
proanthocyanidins which has B-rings derived directly from 
p-coumaric acid. 

Oligomeric proanthocyanidins are commonly regarded as responsible 
for many plant properties attributed to condensed tannins. 
Condensed proanthocyanidins are subdivided to those that are (i) 
insoluble in water and usual organic solvents- polymers (ii) 
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those readily soluble in water and not extractable therefrom by 
ethyl acetate and (iii) those readily soluble in water and 
extractable therefrom by ethyl acetate. This third category 
comprise the tip of the iceberg, as it is now well known that the 
first two categories predominate over the soluble ones. They are 
of frequent occurrence in ferns and fruits, as well as in gums 
and exudates. 

• galloyl and hexahydroxygalloyl esters and their derivatives 
are almost invariably found as multiple esters with 
glucose, otherwise designated as hydrolysable tannins 

• phlorotannins in brown algae 

By far the greatest proportions of proanthocyanidins found in 
plants is invariably in form of higher oligomers and polymers. 
Proanthocyanidin higher oligomers are built in the same way as 
the dimers and trimers, by the successive addition of phenolic 
flavan-3-ol extension units through C-4 to C-8 or C-4 to C-6 
inter flavan linkages 

Biosynthesis of proanthocyanidins oligomers, soluble and 

insoluble polymers 

Present status of knowledge on biosynthesis of oligomeric 
proanthocyanidins in plants suggests that it is intimately 
associated with formation of phenolic flavan-3-ols which first 
forms a proanthocyanidin dimer by a stereospecif ic nucleophilic 
capture at C-4 of the putative quinone methide intermediate in 
flavan-3-ol biosynthesis ( f lavan-3-ols are formed from 
dihidrof lavones by loss of a water molecule) . The dimer then 
captures a further quinone methide intermediate (or its 
protonated carbocation equivalent) from flavan-3-ol biosynthesis 
to generate a trimer and so progressively by the capture of 
further quinone methides (or protonated carbocation equivalents) 
oligomers and finally polymers are formed. 

Quinone methides are therefore central intermediates in polymer 
growth of proanthocyanidins. As in the case of lignins, they can 
be attacked not only by the phenolic hydroxyls from f lavan-3-ols, 
providing in such a way the growth of proanthocyanidin polymers, 
but also by hydroxyls originating from sugar residues of 
polysaccharides of the cell walls. This explains the intimate 
association of proanthocyanidins with wood cell walls components, 
which implies that these polymers are not wood extractives in the 
strict sense. Namely, fraction that is extractable is only a 
small proportion of total proanthocyanidins present in plant 
material. Plant materials resulting from repeated extractions 
with methanol retain invariably greater amounts of material which 
gives various colour tests for proanthocyanidins. One 
interpretation of these observations is that these forms of plant 
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proanthocyanidins are covalently bound to an insoluble 
polysaccharide matrix within the plant cell, in much the same way 
as lignins are. Covalent bond to lignins are also to be 
considered as very likely. 

Just as in the case of lignins, the in vitro synthesis of 
proanthocyanidins (which mimics the proposed biosynthetic 
pathways) provides the soluble products which qualitatively and 
quantitatively match the procyanidins found in particular plant 
tissues . 

Plant polyphenols and humic substances 

Resources rich in lignins and other polyphenols decompose more 
slowly and contribute much more significantly to recalcitrant 
soil organic matter (humus) than proteins and sugars, for 
example. The theory that considers lignin, but also the polymeric 
polyphenols such as proanthocyanidins, as preserved plant 
polymers, which are bonded to soil matrix as only partly degraded 
and chemically modified, can therefore be regarded as the most 
probable hypothesis when forest residues are considered as 
starting humus resources. Both degradation and condensation 
probably occur during humification process. Tentative structural 
formula for humic acids should probably include more lignin 
related substructures and inter- units linkages (as lignin is the 
most abundant polyphenolic polymer) , after this hypothesis is 
verified through the comparative study proposed here. 

Conceptually, humic substances can be visualised as combinations 
of biodegraded biopolymers from plant residues, the lignins being 
most important because of their abundance in forest residues that 
are considered here. The structure of the resulting humus will be 
dependent on the conditions of biodegradation and the 
combinations of the biodegraded blocks. 

Lignin transformation due to biodegradation is characterised by 
oxidation, side chain and ring cleavage, secondary condensation 
and hydroxylation. The extent of these transformations is 
dependent on the initial lignin structure and on the nature of 
the microbes present in soil. Therefore the initial lignin and 
other polyphenols structures and environmental conditions are of 
the decisive importance for the structure of the humic substances 
formed. 

Typical phenylpropane units of lignins □ -aryl ether ( □ -0-4), 
diaryl ether, biphenyl, phenylcoumarane and pinoresinol have good 
chances for survival the process of biodegradation. The amount of 
methoxyl and phenolic hydroxyl groups depends on the plant 
source. It can reasonably be assumed that some methoxyl groups 
are preserved and subsequently demethylated leading to formation 
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of hydroquinones and finally to o-quinones. 



Comparative analysis of the humic substances and their 
predecessors, in the case of forest humus, lignins and 
proanthocyanidins, is of primary importance. 

Study of plant polyphenols: lignins and polymeric 
proanthocyanidins in RCW is fundamental for understanding and 
optimising the transformation of these materials into humus 
constituents essential for fertility of soils 

Polymeric proanthocyanidins are chosen for the study along with 
lignins as polymers always require a large amount of metabolic 
energy to be synthesised and because of their already well 
documented dominance in plant materials present in chipped forest 
residues that we have designated as RCW. Small branches and twigs 
consist of high proportions of bark, which is a rich source of 
polymeric proanthocyanidins (condensed tannins), and juvenile 
wood which is characterised by lignin quite different from that 
from the mature wood. 

Destructive (wet- chemistry) and non- destructive methods will be 
applied in such a study, since an important parallelism in 
methods which are currently applied for the structural studies in 
lignin and humic substances already exists. 

Conclusion 

A comparative study of lignins and proanthocyanidins from defined 
wood species with humic (and fulvic) acids isolated from humus of 
the related origin is of interest as it could contribute further 
to better understanding of transformations of lignins (and other 
polyphenols) leading to major structural fragments of humic acids 
and their reactivities in soils. Better understanding of humus 
formation could help optimise the process of RCW application for 
humus formation and enable its application for upgrading and 
remediation of arid soils in different regions of the world. 
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Ugntn represents a vastly underutilized natural polymer co-generated during papermafcing and 
biomass fractional ion. Dtffereiil types of lignin exist, and these differ with regard to isolation 
protocol and plant resource (i.e. wood type or agricultural harvesting residue). The incorporation 
of l ignin into polymeric system."; has been demonstrated, and th» depends on solubility and reactivity 
characteristics. Several industrial utilization examples are presented fot sulfur-hee. water- insoluble 
lignins. These include materials for automotive brakes, wood panel pioducts. biodispcisan:s. poryure- 
thanc foams, and epoxy resins fur printed circuit boards. 
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INTRODUCTION 

Ugnin is nature's most abundant aromatic (phenolic) 
polymer. Its principle function is to provide trees with 
the ability to raise a crown above ground level [1. 2). 
Lignin is separated from wood during pulp and papcrmak- 
ing operations, where it serves primarily as fuel Only a 
small amount (t:a. 1-2%) is isolated from spent pulping 
liquors and employed in a wide range or specialty |rrod- 
ucts. These, however, amount to 1 million ions jxrr year 
worldwide [3, 4]. 

TYPES OF MGNINS AND Til KIR PROPERTIES 

Lignins va ry in structure according to their me t hoi I 
of isolation and thei r pla nt source [2. 5-7). Hard wood s 
d evelop a different lig mn than softwoods, and annual 
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crops arc different again. However, the differences art; 
minor as tar as most applications arc concerned. Major 
differences exist between lignins derived from different 
pulping processes. Tins traditional sulfite process gener- 
ales a water-soluble polymeric derivative in admixture 
with degraded carbohydrates. An aliphatic sulfonic acid 
(S0 2 H) function becomes part of the ljgnin backbone 
ensuring ready water-solubility in the presence of a suit- 
able counter ion (Na. Ca. Mg, NH A , etc.). "Kraft" or "thio" 
lignins are generated during kraft pulping in alkaline 
medium. They contain a small number of aliphatic thiol 
groups that give die isolated product a characteristic odor, 
especially during beat-treatment: A very small amount 
of kraft lignin is isolated from pulping liquors in the 
United States and Europe [4]; the vnsi majority is used 
as in-house fuel required for the recovery' of chemicals. 
Kraft lignins are dark -colored and water- and solvent- 
insoluble products thai dissolve in alkali owing to l heir 
high concentration of phenolic hydroxy groups. Neither 
lignin sulfonates nor kraft lignins undergo a distinctive 
glass- to-nibber (or fluid) transition when heated, despite 
the fact that lignin in wood has a T s of under lOO^C 
Numerous other lignin products and derivatives have been 
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Hg. 3. Biocidat activity oi various white water siudgc fonnuiaiions. 
(Data hated on tifcaUnciu of 5-L batch?* of while water confining 4,6 
gfl, total soiidi of which 653» were CbCOj, Thfi bais icjsc.stitt iA) 
control (blank); (jl) sinta ( stiaw Ufci'm; (C) wda ilex lignin: (D) a 
cfniiinerciaJ lignin soifonacc solution us csrd coumitiunalty for &uip r r. 
control; (II) a comrr.crchil h:m;iile >olulii"m tcaitaiiiing methylcnj-bis- 
tfriocyanate; and (F) a commercial biotidc solution containing a t}*tsicr- 
nary anusionium salt) 1501. 



as in paper machine recirculating ("while") waters 1501 
Slime deposition in the wliiic water of paper machines 
is generally prevented by the addition of btocides of 
different origin. UoUi total amount of slime (in dry matter 
per liquid volume) and slime solids content (in percent) 
are critical parameters, lite latter relates to the case of 
rcsu sponsion of deposited slime via the shear forces of 
the circulating fluid when the turbulence of the flow 
is adjusted. 

Published data obtained with industrial white waier 
samples (5-L batches) treated with different biocidal mix- 
mres revealed high effectiveness of non wood soda tignius 
(Fig. 3). Hie product is currently used in several paper 
mucliines in Hut ope, where it is displacing more toxic, 
Icss-cnvironmentally friendly products. The product is 
dosed at the level of 1 00-200 ppm (based on weight of 
paper produced) at a location of die water circuit where 
good agitation and mixing are promoted. 



CONCLUSION 

New applications are emerging for specialty, sulfur* 
free lignins in diverse areas, principally as sustainable 
alternatives to nonrenewable products, such as phenolic 
and epoxy resins, and isocyanatcs. This is in addition to 
industrial efforts dial aim at. usiag lignin as the principal 
component of thermoplastic materials [51]. The latter 
represents an activity for which little published informa- 
tion exists so fur The ability for lignin to make significant * 
impact in these areas, however, depends on itf availability 
in industrial quantities as a high-purity product, prefera- 
bly in a sulfur-free form. 
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